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PREFACE TO THE 

PROCEEDINGS OF THE TWENTY-THIRD 

ONTARIO INDUSTRIAL WASTE CONFERENCE 



K. H. SHARPE 

Assistant Deputy Minister 

Environmental Assessment & Planning 

Ministry of the Environment 

and 

Chairman 

Ontario Industrial Waste 

Conference Planning Committee 

When you start assembling the papers for the printing and 
distribution of the proceedings of a conference, you know your assign- 
ment for the year is about over. I am pleased to present to you the 
Proceedings of the 23rd Ontario Industrial Waste Conference which was 
held in Toronto in June 1976. I hope it will be a lasting record of 
this most successful undertaking. 

In the past, we have received complaints from delegates, 
and others, about the length of time that elapses from the end of our 
Conferences and the issuing of the Proceedings. Usually it's four 
or five months, and sometimes even longer. For the benefit of those 
who don't know, all of the organization, planning, execution and 
production of the Proceedings is done by "volunteer" members of the 
Planning Committee. They stage and orchestrate the Conference in their 
spare time, with their ^/ery stringent and demanding responsibilities 
relating to the environmental protection of the Province of Ontario 
taking precedent in every instance. Production, printing and distribu- 
tion of the Proceedings is the last major activity of the total Conference 
package. 

If you eliminate the summer holiday months, because of the 
unavailability of staff, and the procurement of papers from the speakers 
for the same reason, your production time is cut considerably. 



Then there's the retyping required, the layout and assembly, printing, 
addressing and distribution, which actually takes about three months 
of volunteer time. All considered, it's not too long when our number 
one rule is to have the Proceedings complete and accurate. If there 
is a delay, it is usually because we cannot meet the standard we have 
set for ourselves in the interest of the delegate attending the Ontario 
Industrial Waste Conference. After all, the Proceedings is part of the 
registration package, and must be right. 

The 1976 Ontario Industrial Waste Conference was the most , 
successful ever, passing the 1975 Conference by a considerable margin 
in attendance. Five hundred and fifty-two people registered for the 
Conference -- the largest number we have ever had. This was comprised 
of 432 delegates, 27 program participants, 78 delegate spouses, six 
media representatives and nine committee members and staff. The success 
of the 1976 Conference can be directly attributed to the high calibre 
of papers that were presented, the smooth flow of the proceedings 
because of the capabilities of the session chairmen, and the preliminary 
planning and execution that was undertaken by the Conference Planning 
Committee and the Technical Program Committee. 

And as the Ontario Industrial Waste Conference continues to 
grow, it also continues to be national and international in content 
and attendance. This year eight of Canada's 10 provinces were represented 
by delegates, and there were 11 delegates present from the United States. 
The international flavour and reputation of the OIWC has been borne out 
by a Guest Editorial which appeared in the August issue of Water and 
Pollution Control. Accolades of this nature are few and far between, 
so we couldn't resist reprinting the editorial in this issue of the 
Proceedings. We much appreciate the comments of the author. 

I have had the pleasure of chairing the Ontario Industrial 
Waste Conference for the past three years. Its success is dependent 
on good organization and execution. I would like to give full credit 
to the Conference Planning Committee and its members for achieving 
this objective not only in 1976, but also in the other years that I 
have been associated with the Conferences. Without these dedicated 
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"volunteers," there probably wouldn't be a conference nor would it 
be as successful. I appreciate their work, co-operation and 
support. 

For your information the 24th Ontario Industrial Conference 
will again be held at the Prince Hotel in Toronto in 1977. The dates 
will be May 29 to June 1 inclusive. We've advanced the dates purpose- 
fully so the OIWC will not conflict with other environmental meetings 
that are scheduled for Toronto later in the month. I hope that all 
delegates who attended the 1976 Conference will return for our 
1977 proceedings. 
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OPENING REMARKS 

by 

THE HONOURABLE GEORGE A. KERR, Q.C 
MINISTER OF THE ENVIRONMENT 
PROVINCE OF ONTARIO 




The Honourable George A. Kerr, Q.C., was appointed 
Minister of the Environment on October 7, 1975. 

In a previous term he was Ontario's first Environ- 
ment Minister when he was appointed Miniser of the 
Department of Energy and Resources Management in June, 
1969. In 1972, this Department, through additions and 
alterations, became the Department of the Environment. 

Since 1972, Mr. Kerr has held the Cabinet positions 
of Minister of the Department of Colleges and Universities 
(appointed February 1972); Provincial Secretary for Justice 

(appointed September 1972) and Solicitor-General (appointed 
February 1975). 

Mr, Kerr has served in the Ontario Legislature rep- 
resenting Halton from 1963 until 1975 when he was elected 
to represent the new riding of Burlington South. 

He has served on a number of government committees in- 
cluding the Standing Conunittee on Municipal Affairs, the 
Select Committee dealing with Consumer Credit, and the Select 
Committee on Conservation Authorities and Water Resources. 
Before entering provincial service, Mr. Kerr was a member of 
the Burlington Town Council in 1955/56 and 1962/63. 

Mr. Kerr was called to the Ontario Bar in 1955. In 1967 he 
was named Queen's Counsel. 
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OPENING REMARKS 

By: 
The Honourable George A, Kerr, Q-C. 

Thanks, Ken, for the introduction, I noticed that 

you used that old cliche "Somebody who really doesn't need 
an introduction." As a politician, I hope that's true, 
but as the Ontario Minister of the Environment, there are 
those around this province that really do not want to be 
introduced to me — like the canner s , the pulp and paper 
makers, the PCB-users and a few others. 

This portfolio doesn't always endear oneselt to his 
business associates — but it's a job that has to be done 
if we are to preserve the environment of Ontario for 
today's and tomorrow's citizens. That's one of the 
reasons wny we are here for the next three days . 

The 23rd Ontario Industrial Waste Conference. Time 
certainly flies. I remember when I was in this portfolio 
in the Late 60s, making the trip over to Niagara Falls to 
attend some of the sessions. Dave Caverly was the 
conference chairman then , He or ig inated the idea and 
chaired them until he moved over as chairman of what is 
now the Environmetnal Assessment Board. Ken Sharpe has 
been the Chairman for the last two conferences and my 
congratulations to him and his committee for carrying on 
the tradition in such a commendable fashion. 
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It's not easy to stage 23 consecutive conferences, 
vary the program sufficiently to make it continually 
appealing, and choose a location that will be conductive 
to Environmental thinking. From the size of this 
audience, the advanced registration, and the interest and 
intent on your faces, I would speculate that the 1976 
conference will be as successful as ever, and probably 
surpass last year's record registration. Let's hope so 
anyway. 

In the 50s and 60s, the theme of the Ontario Industrial 
Waste Conference concentrated on water management and 
pollution control. Since 1972, when the Ministry of the 
Environment was formed, we've broadened our scope, 
introduced air and solid waste management, and this year 
we are raising our sights even higher with the 
introduction of the multiple aspects of Environmental 
Assessment . 

My Deputy Minister Everett Biggs, unfortunately is on 
business in Northern Ontario and Dennis Caplice will be 
the first speaker on the formal program discussing 
Environmental Assessment, what it is and how it's going to 
work. He'll be followed by Dr. R. Logie, Chairman of 
Environment Canada's Environmental Assessment Panel, and 
Clifford Lax, a fellow member of the bar. Between the 
three of them you should have a good overview of 
Environmental Assessment, how it's going and whether or 
not it really will be the nightmare which certain critics 
suspect. 
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I won't delve into this subject any further because I do 
not want to upstage the members of the panel who are about to 
follow. All I would like to say is that, in my opinion, the 
Environmental Assessment Act of the Province of Ontario is 
one of the most important pieces of legislation that we have 
introduced in this Province. It is designed to protect and 
improve the quality of the human as well as the natural 
environment . 

Last year E. Biggs spoke on the new Ministry of the 
Environment, covering its re-organization and 
decentralization. Those of you who deal on a regular basis 
with our Ministry should be able to get quicker response to 
our queries because of our Regional Office structure. The 
new concept is going quite well. Never before have we been 
more accessible and responsive to the general public and our 
clients. 

Regional Directors and their staffs are in the field to 
serve our customers, and to oversee the protection of the 
Environment. Colin MacFarlane, the Director from the West 
Central Region, will be chairing the session this afternoon; 
and Paul Cockburn, our Central Region Director, will be the 
session chairman tomorrow morning. Those of you from the 
Hamilton or Metropolitan Toronto areas should make yourself 
acquainted with Colin and Paul — they are your Environmental 
contacts in these areas. 
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We also have regional offices in Kingston, Thunder Bav, 
Sudbury and London. Some of the Directors from those areas 
are also here at the conference. Meet them and use our 
Regional Ministry facilities to help solve your Environmental 
problems. 

Earlier I commented on the development of the program 
for one of these conferences. I said it wasn't easy to vary 
it every year so that it would continue to be appealing and 
productive. This year was no different. To aid us in the 
selection of papers for presentation, we try and solicit 
those that have direct or indirect Environmental overtones. 

I think the Technical Program Committee, under the 
convenorship of John Patterson, did an excellent job this 
year . For example. Dr. Carole Burn ham , a Toronto Consul tan t, 
will discuss the conversion of wood wastes to energy in a 
central facility in the Northern Ontario, Town of Hearst. 

Here's a situation where we are solving a smoke and 
odour pollution problem from the burning of wood wastes in 
teepee burners and at the same time providing an energy 
source for the community at savings over the price currently 
being paid for power . 
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Dust control from 300 million bushels of grain handled 
in the Thunder Bay terminal elevators also posed an 
Environmental problem that had to be solved. B.D. Stone, a 
Project Eng ineer , with the Saskatchewan Wheat Pool , will 
review the technical negotiations that went into the solution 
between the Ministry of the Environment and his employers . 

Because there was a lack of precise information in 
solving the problem available, trial and error ex per imenta- 
tion transpired before a satisfactory solution was evolved. 
Mr. Stone will be telling you how the problem was licked and 
the corrective measures being implemented. 

Other paper titles that interest me particularly during 
the conference include the discharge of heavy metals to 
municipal sewers; energy analysis of resource recovery 
options; the role of the Ministry in the disposal of liquid 
industrial waste in Ontario; and, controlling PCS discharges 
to the Environment . All of these subjects cover topics with 
which we are vitally concerned today- 

In selecting these titles, or subjets, I am not ignoring 
any of the other 19 papers that are being presented. All the 
topics are important , What I am trying to emphasize is the 
variety that the Technical Committee has given to the 
program, attracting distinguished personages to present the 
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papers, selecting subjects that are challenging and current, 
and thereby continuing to develop a conference that attracts 
the high calibre of delegate that we have enjoyed in the 
past. 

The PCB paper is of particular interest to me since I 
have been speaking out against these "Phantom Polluters" for 
the past six to eight months. I hope I can find the time to 
get back here to hear Nolan Curry, the Chief of the Chemical 
Systems Section of the New Yok State Department of 
Environmental Conservation, speak on this subject on 
Wednesday morning. It should be a good paper. 

PCB's, asbestos, mercury and many types of plastics are 
all "Phantom Polluters" in my books. They are a nemesis 
because the scientific and corporate communities responsible 
for their development determined only their practical use and 
the contribution which these products would make to the 
"So-called Good Life. " What they ignored were the long-term 
environmental effects. 

Because of their shortsightedness , the natural 
environment has been damaged and in most cases we have been 
helpless to prevent it because we didn't know the 
consequences. We still don't know the sources of 
contamination with any certainty or the full extent of the 
distribution of these products through the environment. 
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Recently the Toronto star ran a series of articles on 
pollution in the Great Lakes. The "Phantom Polluters'* were 
the basis for these articles. Fortunately Environment 
Ontario has taken steps to control these polluters and even- 
tually eliminate such hazardous contaminants as PCBs from 
industrial use. We welcome the new Federal Environmental 
Contaminants Act which is a major advance toward the elimin- 
ation of the use of dangerous chemicals and substances. In 
the United States they have passed the Toxic Substances 
Control Act which has the same objective. 

The day is coming when all products of a chemical nature 
imported into this country, or developed here, will be 
assessed as to their potential environmental danger before 
they are permitted to be used in industrial processes. This 
is a forward step in the right direction in making sure the 
quality of the environment, our environment, will be the best 
our collective efforts can attain. 

I've been viewing the environment for a good number of 
years, and I must say that I am proud of our positive 
achievements and impressive record in Ontario. We are going 
to do more — and if the past is any indication, our future 
efforts should be constructive ones. 

Thanks again, Ken, for inviting me to address a few open 
-ing remarks to the 23rd Ontario Industrial Waste 
Conference, It's been my pleasure to be here -- I wish you 
well in your deliberations and sincerely hope that every 
delegate will profit from the presentation of these excel- 
lent papers. Thank you for your attendance and attention. 
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Guest editorial 



Ontario Industrial Waste 
Conference wins 
international reputation 



The word provincial \s commonly used in a disparaging sense to denote a 
lack ol 'lOphislicalioH- But the 23rd Ontario Industrial Waste Conference, 
while undeniably a provincial etTort, has developed an inicrnationa! 
reputation over the years. I have been attending the industrial waste con- 
lerence lor almost a decade now, attending my first as a session chairman 
uhcn editor of Wuicr l^ Pollution C'onirol. 

L'nqueslionably. ovtr the years, it has developed into one of the great 
annual environmental conferences. The 23rd was no exception. Although 
the bulk of registrants came from Ontario, there wa.s, as always, a healthy 
representation from across Canada and abroad. 

The conference has retained its basic format presenimg papers on 
"problem solving" and applied science, and these continue to be the 
bedrock of the annual event 

Over the years, however, and particularly at this conference, there hits 
been a subtle but distinct shift in emphasis, reflecting a new sociological 
awareness. 

Thus, the papers relating lo the provincial and environmental as.sess- 
menl and review, plus the new awareness of the importance of the law- 
yer's contribution are welcome additions. The new awareness that energy 
analysis will play in solving of ecological problems is a good indication 
that the conference — in true evolutionary fashion — is adapting to con- 
temporary problems. 

For loo long, the industry has ignored the political realities of environ- 
mental rehabilitation and the instruments of power went by default to 
other, more \ocaI bodies. 

This willingness to shape the conference to ihe needs and imperatives 
of our time shows a honlthy adaptability, and is probably why. in its 23rd 
year, the Ontario Industrial Waste Conference has become something of 
an environmental institution. 
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BANQUET SPEAKER 
ONTARIO INDUSTRIAL WASTE CONFERENCE 1976 



Joseph F. Forster 
Manager, Public Relations and Promotion, and 
Executive Assistant to J.B. Lombard 1 , President, 
Radio Station CHIN AM-FM, Toronto 

"The Humour and Heartaches of a Communicator" 




Broadcaster, newspaperman, speech writer, 
humourist, promotional artist and public 
relations practitioner, Mr. Forster has 
spent all of his working life in the 
communications media, with a few years 
out for a stint in the Royal Canadian 
Navy and a mention in dispatches. He 
has worked on newspapers in Ontario and 
Quebec, been a radio news director and 
broadcaster, written for and acted on 
TV, and extended his creative and 
humouristic talents in the preparation 
of speeches and addresses for federal and 
provincial government ministers, municipal 
dignitaries, 'stand-up' comedians and 
others privileged to be exposed to the 
subtle Forster wit. In his address to 
the Conference delegates at the annual 
banquet, Mr. Forster reminisced about 
his many hilarious and serious experiences 
as a communicator, thereby providing his 
audience with a very definite contrast 
from the technical and scientific papers 
being presented during the Conference 
proper. 
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ONTARIO'S ENVIRONMENTAL ASSESSMENT ACT: 
WHAT IT IS AND HOW IT'S GOING TO WORK 



Ontario's Environmental Assessment Act is an important new plan- 
ning tool designed to see that all relevant positive and negative 
effects of proposed undertakings are taken into account at a stage 
in the decision-making process when alternative solutions are pos- 
sible. The Environmental Assessment Act emphasizes the environ- 
mental planning process. "Environment" is defined to include not 
just the natural environment, but also man, the man-made environ- 
ment and social-economic factors. This recognizes that decisions 
on approval of an undertaking will involve trade-offs between dif- 
ferent ob j ec t ives . 

Once it is part of the normal planning process , environmental and 
social costs and benefits of projects may be considered as routine 
as economic factors are at present. 

Implementation of the Environmental Assessment Act will be phased, 
beginning with Ontario Government projects, extending next to muni- 
cipalities, and commencing later for the private sector. 



by 




DENNIS P. CAPLICE 

Director 

Environmental Approvals Branch 

Ontario Ministry of the Environment 

Mr. Caplice, a native of Toronto, received 
his B.A.Sc. in Chemical Engineering (1959) 
and his M.A.Sc. in Sanitary Engineering 
(1961) from the University of Toronto. He 
joined the Ontario Government in 1959 and 
initially worked as a field engineer en- 
gaged in the investigation and control of 
industrial waste discharges. In 1963 he 
was appointed Assistant Supervisor in the 
Industrial Wastes Branch of the Ministry, 
in 1965 Assistant Director of the Branch, 
and in 1967 Director, In 1974 he assumed 
his present duties as Director of the En- 
vironmental Approvals Branch and heads a 
multi-disciplinary team involved in the 
review and approval of applications to the 
Ministry. He is a member of the Inter- 
national Joint Commission' s Great Lakes 
Water Quality Board, and the Atomic Energy 
Control Board, Reactor Safety Advisory Com- 
mittee, 
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ONT ARIO'S EN VIRONMENTAL A SSESSMENT ACT: 
WHAT IT IS AND HOW IT'S GOING TO WORK 

BY: 
D. P. CAPLICE 



I have been asked to talk to you this morning about Ontario's 
new Environmental Assessment Act: what it is, the status of 
its implementation, and how it will affect industry. 

Let me start by telling you what the Environmental Assessment 
Act is not . Put bluntly, it is not just another pollution 
control statute. 

Rather, the Environmental Assessment Act is an important new 
decision-making tool designed to see that all potentially 
significant effects of proposed undertakings are identified and 
evaluated at a stage when alternative solutions, including 
remedial measures and the alternative of not proceeding, are 
still available. 

I want to emphasize that the act is intended to bring about a 
consideration not just of the possible effects of a project on 
the natural environment - the air, land, water and plant and 
animal life - but to consider also the effects on man, the 
man-made environment, and on society, including economic 
factors. That is why the Environmental Assessment Act is more 
than a pollution control statute. 
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A second point I want to stress is that the Environmental 
Assessment Act is designed to operate very early in the 
planning and esign process. The reason for this is to ensure 
that Government and public review of potentially significant 
effects can take place at a time when options are still open. 
Too often in the past, there has either been no comprehensive 
evaluation of the implications of available options or this 
evaluation has only taken place after a proponent and the 
public have reached the point of confrontation. 

This is what the act is trying to accomplish. Let me speak for 
a minute about how the legislation does this. 

What the act says is that the proponent of an undertaking 
subject to the act cannot go ahead with the project until he 
has submitted an Environmental Assessment to the Minister of 
the Environment and the Minister has, first, accepted the 
Environmental Assessment and, second, given his approval for 
the project to proceed. 

To ensure that this process takes place at the earliest 
possible stage, the act also stipulates that approvals under 
the Environmental Assessment Act must be obtained before any 
other provincial or municipal approvals can be granted and 
before the province can provide any loans or grants for the 
undertaking , 
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ONTARIO OF AN ENVIRONMENTAL ASSESSMENT 

The content of an Environmental Assessment as set out in the 
Act have been very carefully constructed to ensure that all 
reasonable alternatives, along with their positive and negative 
consequences are evaluated by the proponent of a project 
subject to the Act, In essence, what an Environmental 
Assessment must do is document the process by which the 
proponent has proceeded from the concept stage, through 
consideration of alternatives, to the selection of a preferred 
undertaking for which approval is required. It is important to 
understand that this process is distinct from, and comes before, 
the preparation of the Environmental Assessment document. 

While I am dealing with the contents of an Environmental 
Assessment document, let me point out that the act specifies 
that the alternatives being considered must be evaluated in 
terms of their advantages and disadvantages to the environment. 
But, to ensure that all potentially significant effects are 
identified and evaluated, the act defines "Environment" in a 
very comprehensive way. This definition includes: 

1. The Air, land or water - what is defined as the "Natural 
Environment" in the Environmental Protection Act; 
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2. Plant and Animal life - and here it becomes interesting - 
including ma n; 

3. The social, economic and cultural conditions that influence 
the life of man or a community; 

4. The man-made environment, such as buildings or structures, 
or machines; 

5. The effects of man's activities such as solids, liquids, 
gases, odours, heat, sounds, vibrations or radiation; 
AND 

6. What may be called the ecological clause: parts, comb- 
inations or interrelationships between the previous 
components. 

Given this broad definition of "Environment", I think you can 
see my earlier point that Ontario's Environmental Assessment 
process is directed at providing better information for 
decision-makers - not just in terms of effects on the natural 
environment, but, in terms of the entire range of effects that 
a project might generate. 

Environmental Assessment is not intended to make natural 
environmental factors paramount. Rather it is intended to see 
that they are given fair weight and consideration in the 
decision-making process. 
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We recognize, and are willing to admit, that society, the 
Government, or the proponent have other objectives which may 
conflict with my Ministry's goal of protecting and maintaining 
the quality of the natural environment. The administrative 
process established by the Act is designed to see that all of 
these factors are carefully weighed, and perhaps traded-off, 
before a decision is made, 

THE ADMINISTRATIVE PROCESS 

Let me give you a quick overview of the administrative process 
established by the Act. It begins when the proponent prepares 
an Environmental Assessment Document and submits it to the 
Minister of the Environment for review. After consulting with 
other Ministries and agencies of the Government, in this review 
to see that their views are reflected, the Minister then makes 
public the Assessment and the review. 

After a period during which the public may make submissions, 

including requests for a public hearing, decisions must be 
made. First, it must be decided whether to accept the Environ- 
mental Assessment, or amend it and accept it. Second, it must 
be decided whether the project should be approved, approved with 
conditions, or refused approval. 



These decisions can be made in three ways: 

1. Both decisions can be made by the Minister of the 
Environment, who can act by himself when deciding on 
acceptance of the Enviromental Assessment Document, but 
must act with cabinet concurrence when deciding the 
question of project approval. 

2. If a hearing arises at an early stage in the process , the 

Environmental Assessment Board would make both decisions . 

3. If a hearing arises at a later stage, the Minister of the 
Environment may decide on acceptance of the Environmental 
Assessment and the Environmental Assessment Board decide on 
the project approval. 

Where the Environmental Assessment Board makes decisions, the 
act provides that within a set period these decisions may be 
changed by the cabinet. That, very briefly, is the 
administrative process established by the Environmental 
Assessment Act. 

I would like you to note that whether the Minister or the Board 
is deciding on project approval, the cabinet always has an 
opportunity to become involved in this decision. This 
recognizes that the decision on project approval will often 
involve trade-offs between legitimate but competing or 
conflicting oD:iectives of Government. 
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Under our Parliamentary System of Government, it is appropriate 
that the cabinet and not a single Minister or an appointed 
board, is ultimately responsible to the legislature and to the 
people for determining which values or objectives are to be 
given the most weight, 

IMPLEMENTATION 



Turning to implementation of the Act, we fully expect that it 
may be necessary to refine and streamline administrative 
procedures as we gain experience. Therefore, the legislation 
will be implemented on a phased basis. 

In the first phase, expected to begin shortly, the Act will 
apply to projects and programs initiated by Ontario Government 
Ministries and Agencies such as Ontario Hydro. 

Municipalities will be exempted from this initial phase in 
order to allow time for discussions with municipal 
representatives about the types of municipal undertakings which 
should be subject to the Act or exempted. A joint committee 
has been established with representatives from my Ministry, the 
Municipal Engineers Association and the Municipal Liaison 
Committe 
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The Act requires that a separate proclamation be made to bring 
it into force for the private sector. I expect that the 
general application of the Act to private industry will begin 
only after we have gained some experience with the Assessment 
and review of Government projects. In the interim period, 
however, the Premier has stated that it may be necessary to 
individually designate certain major projects if it is in the 
public interest to do so. 

I should also mention that when the Environmental Assessment 
bill was before the legislature, the Minister of the Environ- 
ment gave the assurance that the Act would not have general 
application to the construction of housing in Ontario. However , 
the Minister also reserved the prerogative to designate housing 
projects which appear to present a particularly significant 
threat to Environmental quality. My own interpretation of this 
is that normal residential development will not be affected if 
Environmental concerns can be adequately handled under existing 
approvals processess. We have no desire to add an additional 
layer of approvals to housing construction if existing 
processes are doing the job. 
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EFFECTS ON INDUSTRY 

I know that this group is particularly interested in how the 
Act will affect industry. For the private sector, the 
legislation states clearly that environmental assessment will 
be required only of those kinds of undertakings which are 
designated by regulation. This provision reflects the 
legislature's intent that the act be applied not to all 
projects, but rather only to major projects with the potential 
to generate significant and complex social, economic and 
environmental effects. 

A screening process, involving consultation with affected 
industry groups will determine the type of private sector 
undertaking to be designated. In making the determination, the 
major criterion is the significance of the potential effects of 
a given type of undertaking. 

However, other factors enter into this decision. One is the 
need to keep the number of projects designated within the 
limits imposed by the resources available for the enviromental 
assessment review process, A second is the degree to which it 
seems likely that an adequate review can be achieved by 
existing approvals processes. 
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VOLUNTARY ENVIRONMENTAL ASSESSMENT BY INDUSTRY 

While the Act will not generally apply to industry until the 
third phase of implementation, you should be aware that a 
number of industries have already prepared and submitted 
Environmental Assessments on a voluntary basis. Other such 
assessments are currently being prepared. 

I would speculate that the companies which have chosen to 
prepare Environmental Assessments thus far have chosen this 
route for one or more of the following reasons: 

1 . There is no better way to get experience in what an 
Environmental Assessment involves - experience that will 
prove valuable once the Act becomes formally applicable. 

2. Many of these companies have recognized that there is a 
considerable advantage to getting input from Government 
agencies and from the public early in the project planning 
process. The Environmental Assessment provides an ideal 
format for doing this. Problems can be identified and 
resolved more economically at this stage than further along 
in the design process. These Companies have also probably 
recognized that early consultation means that subsequent 
approvals come easier and faster. 
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3. There is a very real advantage in public relations to be 
gained by voluntarily complying with the intent of the 
Environmental Assessment Act. Actions speak louder than 
words, and such voluntary compliance means more to the 
public than pages of corporate advertising. 



Whatever their reasons for choosing to submit Environmental 
Assessments, and I am sure there are more than I have 
mentioned, these voluntary Environmental Assessments have been 
very useful to us in Government and I think that they have also 
benefitted the companies involved. 

Let me give you some examples of what I mean: 

In one case, a voluntary Environmental Assessment was prepared 
for a proposed paper mill expansion in Northern Ontario. From 
the Company's viewpoint we have learned that the more rigorous 
and systematic analysis required to prepare the Assessment 
produced a number of internal benefits such as improvement in 
problem identification, design, work scheduling, and community 
relations. 
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From the viewpoint of the Government, the Environmental 
Assessment document provided a better basis for an overall 
Government response to the proposed project and proved most 
useful in determining the appropriate conditions of approval 
under the Ontario Water Resources and Environmental Protection 
Acts. Other Ministries have also found the Environmental 
Assessment a useful document in arriving at their own decisions 
about the project as all of the relevant information is 
collected in one place. 

Municipalities to be affected by the increased work force 
required for the project made extensive use of the 
Environmental Assessment Document in preparing their own 
submissions to the Government outlining their requirements for 
provision of water and sewer servicing, education, health care, 
and other community services. 

The project is now being implemented and as it unfolds it is 
interesting to watch the effects occurring as predicted. 
Perhaps one of the major benefits of this process has been the 
removal of much of the uncertainty about what is going to 
happen, and how problems are to be resolved. 
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Another example I would like to cite involves a small steel 
foundry seeking to expand in Central Ontario. Again in this 
case, the Company's own design process benefitted from carrying 
out the Environmetnal Assessment, but the most remarkable 
benefit was in community relations. The small centre where the 
company ultimately proposed to locate its foundry operation had 
recently been the location of considerable environmental 
controversy surrounding another Company. By conscientiously 
studying the effects that the foundry might have on the 
community and the natural environment, and by providing an 
opportunity for the public to contribute to this process, the 
steel company has received very favourable community reaction. 

Indeed, a lead editorial in the local newspaper praised the 
Company for its voluntary compl iance with the pr inciples of the 
Environmental Assessment Act. Without mentioning the name of 
the Company, let me quote you the editorial: 

(This Corporation) Has A Better Idea 

If the current procedure being carried out by (this) 
corporation is a sign of things to come. Environment- 
alists may have reason to be hopeful. (The Corporation) is 
planning to expand its current operation in (Our Town) with a 
$3.5 million foundry, located on its present property 
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Though not yet compelled by law, the Corporation had 

decided to follow the guidelines for industrial expansion as 
laid down by the Provincial Environmental Assessment Act of 
1975. 

(The company) had hired a private Environmental Consulting 
group ... to research the possible effects of the new foundry. 
The group has begun investigations into all areas of ecology 
from noise level to possible effects on the erosion of the 
nearby Lakeshore. To date the environmental group has found 
nothing which would give reason for concern about the proposed 
expansion. 

Along with the ecological studies, (The Company) want to 
involve the residents of (Our Community). The Corporation 
wants to find out how people feel about a foundry in their 
Town. They are interested hearing the good and the bad. 

(The Company) has already planned to hold a public meeting in 
order to receive input from the town citizenry. If problems 
are raised as a result of that meeting, the Corporation 
proposed to hold another public meeting in order to report back 
to the community. 
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This style of environmental preventive medicine is an 
encouraging development in the industrial field. (The 
Company) is to be commended for initiating the action. 

What I am trying to suggest to you through these examples, is 
that the environmental assessment process, while it is 
primarily designed to improve Government decision-making, has 
many advantages to offer to proponents. In the period before 
the Environmental Assessment Act generally applies to industry, 
those of you whose companies may be involved in major 
expansions or development of new plants or locations might be 
wise to consider voluntarily complying with the spirit of the 
Environmental Assessment Act. 

From the experiences I have mentioned, and others, I think that 
your Company might derive some real advantages from the 
process. At the very least, you can gain some experience in 
the process while mistakes are stil relatively cheap - before 
the law comes into force. 
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HOW NOT TO DO AN ENVIRONMENTAL ASSESSMENT 

Speaking of mistakes, our experience to date with both the 
public and the private sector has also provided us with some 
useful lessons in how not to do an Environmental Assessment: 

Don't, and this is most important, assume that an 
environmental assessment is an after-the-fact justification 
of a project proposal you have already decided upon through 
standard technical and economic procedures. Rather, the 
essence of Environmental Assessment is that you consider all 
relevant factors as you are proceeding from identification 
of a problem or opportunity through evaluation of structural 
and non-structural alternatives, to the selection of the 
preferred project. 

Don't wait until you are ready to start construction before 
submitting an Environmental Assessment for review by the 
Government. Environmental Assessment fits in at the 
planning and preliminary engineering stages, not at detailed 
design. 

Don't leave out the public until the last possible moment. 
If there is one major cause of expensive and time-consuming 
confrontations between the public and project proponents, it 
is that the public has not been consulted until the 
proponent has become firmly - often inflexibly - committed 
to a specific course of action. 
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Don't spend your time developing more detail than you need. 
The rule of thumb we intend to use is that the level of 
detail need only be sufficient to support the kind of 
decision for which approval is requested. For example, 
when you are considering conceptual alternatives or merely 
seeking to identify siting possibilities, the kind of data 
you need can probably be found in your library. But when 
you get down to making the final choice of site, or 
considering how the site is to be utilized, it is more 
likely that your data must be obtained by field 
investigation. 

Early Consultation Important 

Turning from what you should not do, I want to suggest strongly 
that once you decide that an Environmental Assessment is 
required or desirable, your first move should be to contact the 
Environmental Approvals Branch of the Ministry. 

Staff of the Environmental Assessment Section of this Branch 
have prepared guidelines which outline, in a general way , what 
should be contained in an Environmental Assessment Document. 
These content guidelines will be available once the Act comes 
into force. 
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But more important, by getting in touch with the Ministry 
before you start work on an Environmental Assessment, our staff 
will be able to sit down with you and translate these general 
guidelines into a more specific outline of what should be done 
in your particular case. 

For example, we can point out any "red flags" in your proposed 
study area. We can also suggest the level of detail that is 
likely to be appropriate at each stage of the study. 

In these preliminary consultations, the question of what 
methodology to use in your study can also be discussed. While 
a number of different methodologies have been developed, the 
Ministry has steered away from advocating that a specific 
methodology, and only that methodology, is appropriate for a 
given type of project. Rather than taking a "cookbook" 
approach, we consider that each project is unique and occurs in 
a unique spatial setting and that the methodology should be 
selected accordingly. 
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CONCLUSION 

I have had a lot to say this morning about what might be 
expected of you as environmental assessment begins to play a 
role in Government decision-making on major projects. I would 
like to close by giving you an idea of what you can expect from 
us. 

We are committed to making the environmental assessment process 
a useful and workable planning tool. I would be foolhardy to 
suggest and naive to believe that it will be possible to 
implement such significant legislation as the Environmental 
Assessment Act without any snags or hitches. But we plan to 
sort out these problems and make adjustments and changes - even 
legislative amendments - as they become necessary. 

So what you can expect from the Ministry of the Environment is 
a reasonable, practical, and pragmatic approach to implementing 
environmental assessment in this province. If you encounter a 
problem, come and talk to us. We are willing to listen and we 
will try to resolve it. 
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A CRITICAL REVIEW OF THE FEDERAL ENVIRONMENTAL 
ASSESSMENT AND REVIEW PROCESS 



The Federal Environmental and Review Process (EARP) envisions 
a review of environmental concerns early in the planning pro- 
cess, applicable to Federal programs, projects and activities. 
In practice it has tended to be project-specific and, with ex- 
ceptions, to come late in the decision-making process. It is 
part of the maturing process of a new, young procedure. The 
project-specificity is good in itself, but lamentable overall. 
It means giving attention to the trees, but not to the forest. 
This must be changed. 

Part of the difficulty arises from the fact that Governments 
are more concerned with short-term (5 - 10 years) planning than 
with long-term planning. The overall environmental effects of 
all projects are more important in the long-term than in the 
short-term. 

This process also needs to improve its public credibility by 
more open, early dialogue with the public. 
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A CRITICAL REVIEW OF THE FEDERAL ENVIRONMENTAL 
ASSESSMENT AND REVIEW PROCESS 

by 
DR. R. R. LOGIE 



Public environmental concern in this country 
is a little less than ten years old. The federal Department 
of the Environment, which focussed most of the Environmental 
concerns of the federal government in one department is about 
six years old. The federal EARP is two and one-half years 
old. It is perhaps proper to pause now and take a critical 
look at what has been the track record of the institutions 
in responding to the environmental concerns of the public - 
First, we should thoroughly understand the nature of the 
three integers in our equation: the federal Department of 
the Environment, the federal EARP and the public concerns. 

Let us commence with the Department of the 
Environment or, even further back, with the meaning of the 
word "environment". There are certain words in English — 
and in other languages — that everybody professes to clearly 
understand, but nobody is really willing to define. "Love" 
is one of these in English and "aimer" is even more so in 
French. "Environment" is another in both English and French. 
Consider the differing ways in which we use the word in English 
the physical environment, the natural environment, the cultural 
environment, the family, home, religious, educational or 
political environments — and many more. Is the word 
"Environment" as used in "public environmental concerns" 
or in "Department of the Environment" expected to catch up 
all these diverse meanings? Certainly noti Where then may 
we turn for enlightment? We might ask the scientists who 
take pride in being precise about such things. The most 
common answer would be "the biosphere", that is to say, 
those portions of the land, air and water of this planet in 
which life is possible. But a large and growing body of 
scientists would want to include the life itself. The 
definition is then altered to "the biosphere and the biota" 
or in common terms, the physical environment plus the 
living resources in it. Immediately another argument 
develops: "is man to be considered as just another member 
of the biota, just another living resource"? Or, in other 
words "are social effects simply the environmental effects 
on humans"? There are no universally accepted answers to 
these questions, but let us leave them for a moment and 
examine how they have been addressed. 
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In the Ontario Environmental Act, 1975 the 
following appears: 

1 . (c) "Environment" means , 

(i) air, land or water, 

(ii) plant and animal life, including man, 

(iii) the social , economic and cultural 

conditions that influence the life of 
man or a community, 

(iv) any building, structure, machine or other 
device or thing made by man, 

( v) any solid , liquid , gas , odour , heat , sound , 
vibration or radiation resulting directly 
or indirectly from the activities of man, 
or 

(vi) any part or combination of the foregoing 

and the interrelationships between any two 
or more of them, 

in or of Ontario. 

This clearly suggests that "the environment" comprehends the 
biosphere and the biota but focusses on the interrelationship 
of man with his physical environment and other living things. 
In Ontario, this is the law. By contrast, British Columbia 
appears to be setting up a Department of the Physical Environment, 
with the living resources in other departments and with the 
social concerns a matter for the whole government. Elsewhere 
in Canada, we find provincial departments of Municipal Affairs 
and Environment, Tourism and Environment, Resources and 
Environment and even, at one stage. Fisheries and Environment, 
Obviously, there isn't a provincial consensus. Let us look 
for illumination to the pellucid logic of the federal government. 

The creation of a federal Department of the Environment 
was first mooted in the Speech from the Throne in October, 1969. 
In this speech and in the debates in the House that ensued, there 
were airy references to "maintaining the health of the biosphere" 
and to "man's stewardship responsibilities for the biosphere" — 
and for the other living creatures unfortunate enough to 
co-inhabit this planet with him. When Parliament got down to 
the brass tacks of debating the Government Organization Act, 
1970, which among other things set up the Department of the 
Environment, certain pragmatic considerations intruded rapidly 
on this philosophical orgy. 
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(1) the government did not intend to create a 
single department in which all of its 
environmental concerns would be centered; 

(2) neither did it intend to create a department 
in which all of its concerns for living 
resources would reside; 

(3) it recognized that most of the legislative 
clout in matters of environmenr and resources 
rested with the provinces. 

(4) it did not define the word "environment". 

What came to pass therefore was not a Department of the 
Environment, but a "Department of Those Portions of the 
Federal Environmental Concern and Those Portions of Federal 
Living Resources Concern Delegated to a Department to be 
Known as the Department Of the Environment Without Prejudice 
to Provincial Concerns". The advantage of calling this 
strange assemblage a Department of the Environment is that 
one can use the cute abbreviation DOE instead of the 
abbreviation for the longer title I have just quoted, which 
comes out as DTPFECTPFLRCDDKDOEWPPC , Even in these days of 
bureaucratic alphabet soup, this is a bit too much. The 
government's fear of a larger, broader Department of the 
Environment was of course based on two considerations: 

(1) it would be a colossus; 

(2) it would intrude on the decision-making 
authority already vested in other ministers. 

What Parliament actually did was to include in DOE only those 
living resources over which there was a federal mandate, and 
not all of them, and those environmental concerns on which DOE 
could "coordinate" the efforts of OGDs or talk to the provinces 
This is then a department with line , administrative authority 
over certain resources and an advisory capacity with respect 
to bits of the biosphere and the biota. 

The next federal step came in June , 1972 when the 
Cabinet authorized DOE to control — and indeed rollback 
pollution from federal activities. This was followed in 
December, 1973 by another Cabinet Decision setting up the 
federal Environmental Assessment and Review Process . This 
is the process under discussion here today. 

It is important to understand what EARP is intended 
to do, before one can assess how well it has done it. The 
process is limited to federal projects because this is the 
limit of the federal jurisdiction. Federal projects are 
defined as those involving federal initiative or funding 
or federal property or lands . The process really splits into 
two parts . In the first part , federal departments and 
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agencies are directed to consider the environmental effects 
of their programs, projects and activities, before coming 
to "GO" decisions. Emphasis is laid on doing this early in 
the planning process. Their appreciation of the environmental 
impacts of what they plan to do has come to be known as the 
Initial Environmental Evaluation and is a factor in their 
own decision making. There is no compulsory reference to 
the Department of the Environment. In the second part of 
the process they refer their plans to DOE for review if 
they consider the environmental impacts to be significant, 
or, in fact, if they are not sure. Once this reference has 
been made, the project may not proceed until the review 
is complete. The Cabinet has instructed DOE to administer 
this review and has laid down the procedure to be used. 
Briefly it directs the establishment of an Environmental 
Assessment Panel, chaired and largely staffed by DOE but 
including one member from the other government department 
concerned (the Initiator) to: 

(1) provide guidelines for an Environmental Impact 
Statement to the Initiator; 

(2) review the Impact Statement for credibility and 
completeness, calling on any advice from any 
source that it may need; 

(3) make the Impact Statement available to the 
public and obtain the public response; 

( 4 ) report to the Minister of the Environment 
advising him of the significance of the 
environmental impacts . 

It is necessary at this time to say something about 
the nature of public concern. Perhaps the wisest thing to say 
and to do would be to say that there are many differing public 
concerns and that it is therefore quite impossible to say 
anything very wise and to leave it at that. But at a time like 
this, one is obliged to go on, so let's press ahead in what is 
a very tricky area. There can be no doubt that the history of 
industrial expansion in this and in other developed countries 
has also been the history of gross, unnecessary environmental 
degradation. The land, the air and the water were used by 
industry as a pollution sink. Natural resources were over-^ 
exploited; landscapes permanently defaced; species extinguished 
Public reaction against these tactics became translated into 
political concern and into departments of the environment in 
political jurisdictions around the developed world . I do not 
believe that "the waste, destroy and pollute" philosophy 
permeates many, if any, corporate board rooms in Canada today. 
But a segment of the public is still deeply suspicious and 
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this will not soon be overcome. Many people believe that 
the bureaucrats will not enforce the rules, that industry 
will not obey them and some believe that the bureaucrats, 
or indeed the politicians , and the tycoons are jointly 
conspiring to delude the public. The first public concern 
is therefore SUSPICION. 

The second is a failure to understand the nature 
of our economic system and our life- style. In this the 
public is in eminent company: The senior politicians and 
the senior economists in the land. I do not profess to be 
superior to this lot, but I want to make some basic points 
that are often missed. It is human beings and human beings 
only that cause environmental damage on any significant 
scale . It is not the birds and the bees and the flowers , 
nor the panthers, the parrots or the petunias; it is 
ungrammatically, but undeniably, us. We cause damage by a 
combination of our sheer numbers and of our industrial 
economic and social styles. These styles dictate that our 
economy must expand. Expanding economies consume non-renew- 
able and renewable resources and physically degrade the 
biosphere. One thus arrives at a classical dilemma: the 
process you must have creates the effects you don't want. 
This inevitably means trade-offs : the tolerance of some 
environmental damage for some economic gain, except in the 
grossest cases of environmental damage. The trade-off 
decision is and should be, a political decision. It is 
inherent in the dilemma that the political decision offends 
some segment of society. The public, by and large, does not 
understand this dilemma. A considerable number want, explicitly 
or implicitly, both economic growth and cessation of environmental 
damage. So do I , but I realize that the horns of a dilemma 
never meet. The second public concern is therefore founded 
on MISUNDERSTANDING. 

The third concern is based on IGNORANCE and I do not 
say this in any pejorative way. We live in a highly complex 
technological world and environmental impacts of highly complex 
technological undertakings are apt to be expressed in 
professional or technological jargon which is in itself a form 
of shorthand for communication among professionals but which is 
outwardly completely unintelligible gobbledegook to the general 
public. I suggest to you for example, that, with the best will 
in the world, it would be difficult to explain in one session or 
one brochure to the person in the street all the complexities 
of a nuclear reactor in electric power generation. It is 
considered less than helpful for this person to read in the 
Impact Statement that there is environmental concern about 
seismic stability, impingement and entrainment , Derived Release 
Limits (in Micro-Curies) and reduction in harpactecoid copepods. 
Really: 
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I would like to re-phrase IGNORANCE to LACK OF INTELLIGIBLE 
INFORMATION. And I don * t mean information which is intelli- 
gible to the giver; I do mean information which is 
intelligible to the receiver. 

I am going to mention one final concern, because 
it is real, not because I have much sympathy with it. I 
shall call it FANATICISM. I am sure you have all encountered 
it. This is put forward by the single, simplistic solution 
boys and girls , who , of course , frequently argue among them- 
selves. As examples: all our troubles would cease if we could 
achieve, tomorrow or at least next week, any one of the 
following: 

(1) Zero population growth 

(2) Zero economic growth 

(3) Zero energy growth 

(4) Zero nuclear growth 

(5) A vegetarian society 

(6) A matriarchal society 

(7) A truly Christian society 

Such of these as you may like are surely planks in a platform, 
but none of them will be implemented tomorrow nor even next 
week. Nevertheless, since trade-off decisions are political 
and since persons who hold any one of these views have the 
vote, they are political integers. No doubt a supply of 
intelligible information would convert some to a more compre- 
hensive view. 

After this long introduction, I arrive at the meat 
of the matter: How have we done in our own estimation and 
in the public view? In brief, the process lacks public 
credibility for a number of reasons. Let us examine them 
briefly with an eye open to solutions. 

First, the participation of federal departments 
and agencies in the self -assessment of their programs , projects 
and activities EARLY in their planning. Some are preparing 
Initial Environmental Evaluations, and the number is growing, 
but few are early enough in the process and all are project- 
specific. None concern broad programmes in the feasibility 
stage of planning and none concern groups of projects. For 
example the Mackenzie Valley Corridor: Each of these pieces 
is environmentally considered separately; gas extraction, 
gas purification; chilled gas pipelines in the territories; 
connecting chilled gas pipelines in the provinces; hot oil 
extraction and pipelines in the Beaufort Sea and in the 
territories ; connecting hot oil pipelines in the provinces ; 
infra-structures in the territories, such as roads, maybe 
railways. 
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Nowhere is the whole development considered environmentally 
as a whole. Nor are the aggregate environmental and social 
effects of "industrializing" the North considered as a package, 
except perhaps by the Berger Commission. And that is perhaps 
more attributable to Justice Berger 's interpretation of 
his terms of reference than to their intent. There is no 
doubt that the federal process of environmental assessment 
must become involved in the earliest stages of planning of 
federal projects and programmes and must be free to consider 
the incremental effects of a series of projects in a programme 
while not relinquishing its vigilance over individual projects. 
How is this to be accomplished? At the moment it must be 
accomplished mainly by persuasion, leading to a conviction 
in government departments that this course is both necessary 
and beneficial. What we really need but do not want is a 
magnificent blunder in which some minister gets environmental 
egg all over his face. Or it can be accomplished by force; 
by the force of strong public stands by Ministers of the 
Environment, which are, in fact, emerging; or by the force 
of environmental assessment law. Environmental assessment 
law is, in my personal opinion, a mixed blessing, but on the 
federal scene it will, again in my personal opinion, emerge 
only when the existing process is seen to have failed which 
is not yet. 

The second criticism is the failure of 
environmental assessment to enter into long-term planning say 
more than ten years into the future. The first observation 
about this criticism is that EARP has not entered into 
long-term planning because there is no long-term planning 
on any comprehensive basis , to which EARP could contribute 
or to which it could respond. This is an absurdly simple 
excuse. Why are you not playing the ball game, my son? 
Because there is no ballgame. Daddy? It also begs the question; 
"If so many people want to play, why is there no ball game, 
my son"? The answer is complex and really involves the 
great dilemma of government today- Let us recall that only 
masses of humans cause environmental damage and that they do 
so because of the life style they demand, which in turn 
requires an economic system based on perpetual growth. It is 
this economic system which sustains the life style we demand 
and which causes the environmental damage we deplore. If 
one slows down the growth in the economic system, there is 
great benefit to the environment, but all sorts of undesirable 
side-effects appear. At the same time it is apparent that 
the increasing utilization of non-renewable resources by 
"a healthy and growing economy" cannot go on forever. How 
then do you tinker with this machine without causing instant 
armageddon , particularly when it is now abundantly obvious 
that not even the economists know how the economic machine 
works? 
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It appears that governments are baffled by this dilemma 
and are keeping the old machine creaking on by emergency 
repairs, until somebody figures out some answers. My 
essential point , however , is not to embark on a sea of 
economic speculation, but to make and to reinforce a 
point (call it Logie's law if you like; Murphy has a law, 
why should not I have one.): 

Unless one first envisions the economic 
future , one cannot see the environmental 
future , because the two are related as 
cause and effect. 

As resources grow scarce and demands increase, governments 
will have to produce solutions, but they do not appear to be 
doing so now, even though it is clear that the long-term 
effects of resource exhaustion and environmental damage 
could be cataclysmic . 

Finally, there is the matter of effective public 
participation in environmental decision making, which it is 
a function of the EARP Panels to obtain and to convey to our 
Minister. We are not good at it. In fact we are poor at it. 
But hopefully we are learning. When I am asked to speak on 
this subject, I invariably call to mind a character in the 
Lil Abner comic strip known as Silent Yokum. "He never said 
nawthin ' about nawthin', mainly on account of he knew 
nawthin' about nawthin' . I should invite you to meet 
Silent Logie, but of course I can't. Since I haven't much 
to say, I'll be mercifully brief. Massive public informa- 
tion programmes would help, but would also have a tendency 
to overwhelm and confuse , because of their mass . I might 
propose all sorts of solutions, but I, in the manner of the 
fanatics, will go directly to a single, simplistic solution, 
at least as the most important thing to do. I refer to 
"open planning" . By this I mean the planning of programmes 
or projects by their initiator at open meetings with the 
public or representatives thereof. I see no reason why 
government-sponsored projects cannot be treated in this way 
from the earliest stages of feasibility planning. I can 
see some reasons why industrially sponsored projects 
frequently cannot reach quite this far back, but neither 
do I see any reason for delay until the last moment. One 
of the most important features of such open planning sessions 
would be the transmittal of professional and technological 
information in plain language, the patient explanation of 
jargon. In my opinion this is the most effective way of 
transmitting information about the project and its effects 
to the people who are concerned with receiving it. Whatever 
else might be done by way of public information, I am 
convinced that this must be done. 
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In final summation, Mr. Chairman, I believe that 
EARP is intrinsically a good process, but that it must be 
improved in the ways I have suggested. It lacks credibility, 
without which it cannot survive. I have no idea how 
destructive this sentiment might be if applied to all 
government procedures, but it makes for interesting 
speculation, doesn't it. 
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ENVIRONMENTAL IMPACT ASSESSMENT: 
INDUSTRY'S NIGHTMARE OR A LAWYER'S DREAM? 

C. CLIFFORD LAX 

It is a rare opportunity v;hich has been granted to me 
today, to appear before you in ray role as a lawyer whose practice 
involves a considerable amount of environmental litigation and 
to discuss with you my hopes and fears about the process of 
environmental assessment; for while I have no doubt that 
directing our minds to an assessment of the potential harm 
of a proposal or undertaking prior to construction is an 
eminently reasonable suggestion, nonetheless, I am concerned 
that the legislation , the civil servants , the technical experts 
and the lawyers could, if permitted, effectively smother tliis 
thought-provoking process v/hile still in its infancy. There 
can be no doubt, that the process of environmental assessment 
like any other new idea , will require time to nurture itself 
and to develop into a process v/hich will be regarded as a normal 
and expected step in the governing of our society. 

Unfortunately, the concepts of preventive care and long 
term planning have never been strongly held in our society. 
For example, if one would look through the law cases going back 
for v/ell over a century, the observer would note that in those 
situations involving environmental contamination, the victim 
or tlie state v;ere awarded a monetary sum, v/hich, supposedly 
was intended to represent the cost of the harm. Pollution was 
treated in much the same way as a motor vehicle accident. If 
you are struck and as a result your arm is fractured, you are 
Qv/arded a certain sum of money as compensation. 

When environmental degradation became more than a simple 
matter of local contamination, and V7hen the costs of the damage 
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caused by this contamination far exceeded the ability of any 
expert to effectively arrive at a calculation, and in fact, 
when clean-up proved to be impossible, we i-zere forced to 
rethink our 'barrot and stic}^' approach to environmental regulation. 
As you know, in the past, we have dangled certain rewards in 
front of polluters in tlie hopes of getting them to voluntarily 
abate their emissions. Upon their failure to abate their 
emissions, we have atter.ipted v;ith minimal success to invoke 
the penal sanctions of the lav/ to punish the offender. In 
almost all instances, the cost to society caused by the damage 
of tlie pollution far outweighed tlie amounts recovered by way 
of fines and court costs . 

I do not know any commentator, even those locked in 
the bowels of industry, who have attacked the conceptual premise 
of The Environmental Assessment Act. What thoughtful person 
would attack the stated purpose of the Act as contained in 
Section 2, in which the Act is intended "for the betterment of 
the people of the whole or any part of Ontario by providing 
for the protection, conservation and wise manangement in Ontario 
of the environment"? One observer lias suggested tliat since 
the words "betterment of the people" are of prime importance 
in the wording of the statement, that the well-being of flora 
and fauna are not relevant to the purposes of tJ\e Act except 
as they laay relate to a cliangc in tht' wcl ] bt? Lng ol tlie people. 

The Environmental Assessment Act - Workable or Um/or liable? 
Address by David E. Toye, Gulf Oil Canada Limited to the 
Association of Professional Engineers of Ontario, April 22, 
1976. 
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Such a suggestion is to unduly narrow tlie scope of Section 
2 and to forget the lessons of the excesses of the past two 
decades . Whenever man has interfered with nature ' s processes , 
whether unwittingly or by design , that interference to the 
apparently most insignificant aspect of nature has had a 
repercussion on the quality of human life. Every activity 
that man engages in has a direct effect upon the environment 
and upon not only the well being of this generation , but the 
potential v/ell being of future generations. 

That this Act is being introduced now may surprise some. 
Many people think that the environmental movement , so called , 
is now a dead issue. This viewpoint is reflected by the 
apparent loss of power and prestige of the Federal Department 
of the Environment. I think it is true that environmental 
concerns are to some extent being down played and certainly 
do not have the prominence in nev/spapers that they were accorded 
a decade ago. However , I invite you to think about the 
revolutionary changes that have occurred with respect to our 
perception of the environment in the last decade. Let me give 
you an example, I am sure you all recall the Buick automobile 
of the early and mid- 19 60 ' s. By comparison to today ' s car, it 
v;as a monster. You remember the large sculptured fins and the 
huge roomy interior. The designer ' s chief concern was opulence 
and style. Form and function were dov/n played. That car is as 
dead as a dodo bird and within one decade , tliose kinds of 
automobiles including the Cadillac El Dorado, have become extinct. 
In a sense, the automobile may have reached its apex in terms of 
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luxuriousness in tlie mid-1960 ' s. Ue are now being exhorted to 
buy the new trira sized model of raotor vehicle including the 
personal sized Seville. Ho\; did our perceptions and tastes change 
so radically? 

Let ne give you another exanple of how our perceptions 
have changed. How many in this room were concerned about the 
increasing amounts of garbage being produced by the Province of 
Ontario in the mid-1960 's. I would be surprised if there was 
more than a handful of you. The concept of recycling v;as foreign 
to us because the concept of the f initeness of our resources 
was also foreign to us . We were blithely assured by the petroleum 
companies, the primary resoui-ce extractors, and our government, 
that the combination of exploration and technology would ensure 
limitless supply of natural resources. How quickly things have 
changed. Within a decade we have become concerned about long 
term planning and about long term assurances of the supply of 
natural resources required to sustain not only life, but a 
reasonable standard of living for Canadians. 

Long terra planning has never been a forte of western 
democratic societies. Indeed, communistic and socialistic 
countries purport to set their priorities in terras of long 
terra objectives. The reason for this failure on the part of 
western governments is obvious. A government is elected for 
four years and priorities are usually set within that time 
f rarae. Tlierc are very few votes to be earned as a result of 
intelligent long term planning . In any event , there is no 
guarantee that the policies adopted today v/ill be implemented 
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by another government ten or fifteen years from now. As a 
result, long term planning, has, for the most part been 
relegated to the civil servant, or to special consultants 
retained for that job. The quality of our environment today 
reflects the shortsighted views of the past. The Environmental 
Assessment Act is, I believe, a hopeful sign that our planning 
priorities are being reversed. For the revolution of the past 
decade, the death of the large finned Buick and the burial of 
our naive belief that technology would always provide for 
future generations, has resulted in the concept of this Act. 

Perhaps, most importantly, the Act passionately accepts 
the notion that decisions about the environment are the domain 
of the public at large and not the subject of discussion only 
between the government and the regulatee. Section 6(2) of 
the Act provides that any person may inspect an environmental 
assessment and may make written submissions to the Minister 
with respect to the environmental assessment, or by written 
notice to the Minister, require a hearing by the Environmental 
Assessment Board with respect to the undertaking. This 
recognition of the fact that the environment is within the 
public realm of discussion and is not to be considered in 
light of private rights, is most important. In fact, I believe 
it is the most revolutionary aspect of the legislation. For 
while I may not live, for example, in the area of Port Hope, 
I nonetheless, have a very serious and substantial concern 
of the effects of radiation contamination. My concern as a 
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citizen in this Province, is the only concern required to give 
me status to speak about it. The fact that I do not live in 
Port Hope nor do I own property in Port Hope is of no significance 
The hazards of radiation contamination will long outlive any of 
the current residents of Port Hope. The contamination will 
continue to affect the natural environment of the Province of 
Ontario for something over five hundred years. 

Let me give you another example. I do not live in the 
vicinity of any of the lead smelters in Metropolitan Toronto. 
No member of my family has, to the best of my knowledge, been 
adversely affected by their activities to date. However, as a 
citizen and tax payer of this Province, I currently bear and 
shall continue to bear a portion of the expense involved in 
the medical treatment or cost of environmental clean-up resulting 
from the lead contamination in the vicinity of those plants. 
Again, the toxic effects of the lead will be felt by not only 
this generation, but by future generations to come. Those 
considerations are sufficient to give me a right of standing 
and a right to be heard. 

My right of standing derives from the fact that I am 
a citizen. The air that I breathe, the water that I drink, 
and the noise that I am subjected to, are facts that I share 
in common with all other citizens. It is trite but necessary 
to state that we have the right to expect clean air, clean water 
and an environment generally un fouled by contamination of any 
kind. That statement, must of course, be tempered by recognition 
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of actual fact, and it for that reason that The Environmental 
Assessment Act will provide a formal mechanism through which the 
decision can be made as to those levels of environmental purity 
which we choose to maintain while maintaining a life style and 
standard of living within the expectations of the citizenry. 
While I have talked in rather philosophical and vague 
terms about the right of standing, I should also talk about 
the potentiality for abuse. Much has been said both by industry 
and by legal spokesmen of the Ministry of the Environment as to 
the potential frivolous use of the provisions of this Act by 
certain members of society. In my view, that concern is not 
unfactual but it is unrealistic. The courts of this land have 
always held themselves open to any suit. There is no predetermination 
of the validity of the suit. Yet, in ray experience, abuse of the 
process by virtue of the bringing of a frivolous action is a rare 
occurrence indeed. On those rare occasions when it does happen, 
I have found the courts ready and willing to chastise and punish 
the person who seeks to waste their time and the public purse. 
I have no doubt that the Environmental Assessment Board will be 
able to control its own process. I have no doubt that after 
they have gained some experience, they will be able to quickly 
ascertain which applications are frivolous and v;hich objections 
are founded upon a reasonable basis. While much has been said 
about the American experience, the most recent evidence suggests 
that very few of the objections taken are frivolous. It seems 
strange to me that with respect to most other matters, our 
government starts with the supposition that the citizenry is 
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relatively well-educated, well-informed and well-motivated. 
Yet the stated concerns of some of the officials of this 
Ministry have precisely reversed that underlying belief. 
Citizens and citizens' groups are depicted as being devious, 
mischievous and troublesome. In fact, in a recent speech to 
a meeting of a section of the Canadian Bar, one of the officials 
of the Ministry is reported to have described the Ccuiadian 
Environmental Law Association as a "Stalinist" organization. 

My concern is simple. This Act cannot work unless the 
Board proceeds on an assumption of good faith with respect to 
all of the parties before it. It has been said that Mr. Justice 
Routledge of the American Supreme Court believed all men honour- 
able unless proven otlierwise. The same articulation of faith 
must be apparent in the statements and activities of the 
Environmental Assessment Board, if their process is to work. 

Let me talk to you for a moment about my concern with 
the possibility that the entire process we are talking about 
today, will become the private domain of technological experts, 
bureaucrats and lawyers. 

Let me start with my concern about the lawyers since 
they are the profession with which I am most familiar. Lav/yers 
are probably the most maligned profession amongst the general 
public. They are also, I think it is fair to say, the most 
feared profession. That fear and resentment is based partly 
in fact and partly in misconception. The fact is that lawyers 
are trained to fight. That is why the very people who malign 
lawyers are also the first to consult a lawyer when they are 
faced with a dispute or problem which they cannot handle 
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themselves. La^vyers are trained in the art of advocacy or 
the skill to present the position of his client. 

Now, why would I be worried about the involvement of 
the lawyer? Clearly, I have no concern about the fact that 
lawyers will inevitably take part in the process. Every 
person has the right to counsel and very often, a trained 
advocate can shorten matters by getting to the very heart 
or nub of the issue. Similarly, the advocate trained in 
advocacy can at times put forward a point of view more 
effectively than his client could have. Finally, the lawyer 
can very often marshall the evidence and present it with an 
objectivity and direction which his client cannot bring to the 
issue. 

My concern is rather with the inevitable tendency for 
a lawyer to "legalize" the process. By "legalizing" the process, 
I do not only mean he will be introducing that particular 
vocabulary known as lawyers* jargon, including words such as 
"heretobefore", "hereafter", "inter alia" and "herein". Rather, 
I am concerned that the lawyer will take the proceeding and 
formalize it so that it takes on the trappings and appearance 
of a court of law. This can only have an intimidating effect 
upon the other participants in the process , It can , I bel ieve , 
result in the exclusion of potential testimony which would be 
of great assistance in evaluating the proposed impact of a 
development. Finally, it tiirns the process into an arena of 
exports , and while there is surely a role for exports , thero 
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is just as an important a role for the layman. The anguish 
and concern of a parent whose child has been affected by 
lead contamination is no less pertinent to the tribunal than 
the data presented by a planner. The observations of a 
concerned citizen as to smell or noise are of equal importance 
as the observations of the expert trained in that area, and my 
concern should be clear therefore that if you formalize the 
proceedings or "legalize" it as I have suggested , the process 
will become foreign to people who not only have a right to 
participate in the process but whose views ought to be heard. 

Now having expressed my concerns about the possible 
effect that lawyers might have on the process, let me turn 
my attention to the possible domination of the hearings by 
technical experts including bureaucrats. Allow me to premise 
my remarks with the following observation. 

It has become a truism that regulators tend to reflect 
the interests and concerns of those they are intended to 
regulate. This phenomenon is well documented in literature 
concerning administrative tribunals -and while I impugn no ill 
motive to the bureaucrat or a civil servant whose task it is 
to regulate such conduct, I believe that if too much importance 
is placed upon the strength of expert evidence that the public 
interest will inevitably suffer. For example, we all know that 
the National Energy Board, in 1970, when asked to advise the 
Canadian Government on the reserves available to fulfill future 
requirements for petroleum and gas , accepted without reservation, 
the estimates presented to it by industry. Understandably, the 
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National Energy Board probably believed that it would be 
foolhardy indeed for industry to attempt to deceive them since 
they were in a position to regulate industry. Nor do I suggest 
for a moment that industry purposely deceived them. However, 
we now know that the estimate of reserves was dramatically 
overstated and unduly optimistic. The simple point of the 
matter is that the interest of the National Energy Board and 
the interest of the companies it regulates were not necessarily 
the same. Yet for some reason, the National Energy Board 
became a reflection of the interest of the companies it 
purported to regulate. While this is a dramatic example of 
the phenomenon to which I previously alluded, it is by no 
means special or exceptional. 

Experts fulfill a useful role. By virtue of their 
background and training, they can assist the tribunal in 
arriving at a proper assessment based upon scientifically 
valid evidence, but the potentiality for abuse with respect 
to expert testimony also exists . I think it fair to say that 
if you have a particular point of view, you can probably find 
an expert somewhere prepared to testify in support of your 
contention. Furthermore, my personal opinion of expert 
testimony is that it is greatly influenced by the views of 
the person retaining that expert and submitting his testimony. 
With the cut back in funds available for research generally 
throughout North America , my concern increases . As governments 
have cut back the money available for research , industry has 
increased the amount of money available for research. Many 
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academics, especially in American universities, depend upon 
industrial research grants to maintain their positions in the 
university. I am not for a moment suggesting that they 
prostitute their principles in order to obtain research money, 
but I am suggesting that the quality of their expertise becomes 
tainted when the research is funded in whole or in part by an 
industry for whom they are expected to become spokesmen. 

Private consultants, especially in the environmental 
area purport to make it very clear that their analysis will 
be objective and may result in a finding adverse in interest 
to their client. In my experience, such a possibility is 
minimal and remote. No doubt, every consulting firm can 
point with justifiable pride to a report in which they advise 
the potential client that they do not agree with the environmental 
soundness of the proposal. Those cases, I would suggest are rare 
and exceptional and that for the most part, the consultant's 
report tends to reflect the vested interests of his client. 

If the Board is faced with conflicting expert testimony, 
then the result which they are likely to reach will be a 
compromise between the opposite positions. Such a compromise 
is the result of a natural human tendency. If you offend all 
parties, you have treated them equally. But the environment 
cannot be adequately protected if decisions are based upon 
compromise. There are some questions upon which compromise 
is simply not possible. For example, if tne assessment deals 
with a plant using a radioactive process , and for which 
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satisfactory safeguards are not in place, then in my view, a 
compromise with respect to those safeguards is not suitable 
unless the safeguard establishes conclusively that there will 
be no harm to workers or surrounding residents. There can be 
no compromise , in my view, on that position. 

Just as a lawyer tends to legalize the process, so the 
experts attempt to elevate the discussion to the level in 
which they feel most familiar and in which they are free to use 
the jargon of their particular expertise . 

I make only one observation on the testimony of experts. 
That is, I have found that the expert who really knows what he 
is talking about, is able to explain his findings and conclusions 
in a clear and concise manner and in language understandable 
to any reasonably intelligent person even though not specifically 
trained in that area. The so-called expert who relies upon 
the mumble jumble of his trade and who is incapable of 
testifying in a manner and using terms which are understandable 
to the reasonably intelligent layman, is , upon closer reflection, 
not a real expert in his own area. That rather naive test is 
always used by me when I size an expert witness up. If, after 
he has testified , I require the assistance of my own expert to 
understand his testimony, I am reasonably certain that I can 
damage his credibility upon cross-examination. Since experts 
will undoubtedly play a major role in environmental assessment 
hearing , I gratuitously warn you of my method of evaluation 
of so-called experts. Kindly bear in mind that free advice 
is usually worth what you pay for it. 
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Looking at the Act itself, I might for the moment speak 
about some of the areas which give me cause for concern and 
some which are especially laudable. 

The Act applies to the activities or proposals in respect 
of plans or programs proposed by the Province of Ontario or by 
its public bodies or by municipalities although the municipalities 
are to be brought into the Act at some time in the future. Also 
in the future, the scope of the Act will be extended to major 
commercial or business enterprises in the private sector, I 
emphasize the use of the words "major commercial" , since it 
will be an interesting question of definition as to the quantitative 
method of defining what is and what is not a "major enterprise", 
I would think that the Board itself will have to grapple with 
this question and that they will be able to propose a test which 
will be of some assistance to potential proponents. The size of 
the undertaking is not necessarily the proper test, but the 
significance of its impact upon the environment, is. I can 
foresee a very small installation which would have a very 
significant impact, whereas a very large installation might not. 
It would, of course, be impossible to have one test which would 
be suitable for all proposals. Indeed, the flexibility of the 
present Act, unless abused, is to be preferred to a strict 
definition of those proposals to which an environmental 
assessment procedure must be applied. 

The assessment procedure should take place at the earliest 
possible time and indeed, policy decisions or "proposals" should 
be submitted for assessment before they become specific project 
oriented. Let me give you an example of an environmental 
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assessment which took place too late. Imagine if you will, this 
hypothetical scene. Late in the fiscal year of 1963, a middle- 
ranked bureaucrat in the Federal Transport Department discovers 
that by accident, the sum of $25,000 of his department budget 
remains to be spent. Not content with simply reporting this 
matter to his superiors , he turns his rather fertile mind to 
proposing a way in which these monies might be usefully spent. 
After analyzing all of Canada's transportation needs, he lights 
upon the idea of studying the potential requirement of a second 
airport in each of Montreal, Toronto and Vancouver. He promptly 
dashes off a memorandum to his immediate superior , advising 
him of the fact that this money was not spent and that it could 
be usefully exhausted if it were used to fund a group to study 
the feasibility of these new airports. His idea is rapidly 
taken up by the Department of Transport and in the ensuing fiscal 
years , the feasibility study becames in turn , an interdisciplinary 
study group, interdepartmental task force and finally, an inter- 
departmental committee with respect to the planning and construction 
of the new airports. By 1970, the idea which had been borne in 
1964 has gathered sufficient momentum so that what was once 
fancy, becomes fact. Millions of dollars are spent not only 
to design the project but also to acquire the lands to provide 
the necessary services. In 19 73, the Government announces that 
it will hold an environmental assessment hearing with respect 
to the probable effects which this new airport might have upon 
the environment. With the greatest of respect, the chances 
for a successful assessment are nil. The assessment, if any. 
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should liave been conducted on the initial decision of the civil 
servant in 1964. His proposal by the sheer momentum built into 
the system becomes a steam roller that will flatten any obstacles 
in its way including the best intentionsof the Environmental 
Assessment Tribunal. 

The environmental assessment itself is discussed in 
Section 5 of the Act, The proponent must describe the purpose 
of the undertaking and a description and a statement of the 
rationale for the undertaking, the alternative method of carrying 
out the undertaking and the alternatives to the undertaking. 
Some commentators have suggested that this is an open ended 
requirement and that if Ontario Hydro were to propose a new 
nuclear reactor in Pickering, they would also have to discuss 
the alternative methods of hydro production including gigantic 
windmills on the shores of James Bay. Again, I suppose the 
Assessment Board will have to turn its mind to this question 
but I would suggest that when one discusses alternative methods 
of carrying out the undertaking, it would be in the light of 
reasonable alternative suggestions although I would not be 
prepared to impose a geographical limit, on the area in which 
the alternative method must be assessed. 

Obviously, when discussing alternative methods, it is 
possible for the consultant to have a field day and to produce 
an environmental assessment that is nothing less than an opus 
magnus. I suspect that all persons involved in this process 
will after a couple of years develop an expertise in producing 
environmental assessment studies. In fact, I have seen some 
done recently which use a literary style which is almost 
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journalistic and through the proper use of indexing and cross 
referencing, can condense the most substantial material into 
a reasonable number of pages . Then , if the authors wish to 
cite any reference books, they can always do so in an appendix. 
The Environmental Assessment document must also describe 
the environment which will be affected or that might reasonaDly 
be expected to be affected directly or indirectly including 
the effects that will be caused and the action necessary to 
prevent, change, mitigate or remedy the effects that might 
reasonably be expected upon the environment. Finally, there 
must be an evaluation of the advantages and disadvantages to 
the environment of the undertaking, including the alternative 
methods of carrying out the undertaking and the alternatives 
to the undertaking. V/hile this might sound like a very difficult 
and perhaps wasteful requirement, I would suggest that upon 
closer scrutiny, it is no more than what one would expect from 
a careful, objective scientist. The point of the matter is that 
no developer would think about building a major development 
without a complete analysis of the cost of the project, the 
cost of the land and the financing and development cost. Nor 
would he proceed without a proper cash f lov; statement so that 
he would be able to advise his financiers of the return upon 
investr.ient. Further , no developer would start his project 
unless he was reasonably certain of the fact that he was 
complying with the various requirements of the municipality, 
the Planning Act and other government agencies. If he did 
anything other than that, he would be foolhardy. 
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The requirement of Section 5 of the Environmental Assess- 
ment Act is to require that the proponent also turn his mind to 
the environmental changes that his proposal is likely to affect. 
This is a reasonable and proper demand, for just as the developer 
must assess the cost to him of the development, so must society 
assess the cost to it of the development. There are certain 
developments, I trust the majority of them, which we will see 
fit to incorporate into our environment. In other words, the 
benefits of those developments far outweigh the costs. 

Inherent in this suggestion is that no person acquires 
tlie right to affect the natural environment of the Province of 
Ontario merely as a result of owning land. This right, if it 
ever existed, has been prescribed severely by our laws. For 
example, the kind of building which you are permitted to erect, 
may be limited by by-laws. The height and design of the building 
is limited by by-law. The kinds of uses which you might make 
of your land are limited by various planning regulations. The 
fact that you cannot use your land if the usage results in an 
obnoxious or harmful emission has been well prescribed. This 
concept however, did receive a minor setback when the Rockcliffe 
Park case was recently decided by the Court of Appeal. There, 
one of the Judges, Mr. Justice Dubin, suggested in his Reasons 
for Judgment that as long as the activity which was being 
impugned was limited to the private lands of the owner, tiiat 
the Environmental Protect Act did not apply. Mr. Justice Dubin, 
with the greatest of respect, failed to recognize the fact that 



- 49 - 



the environment is the public's domain and private ownership 
cannot give any owner private rights to damage or despoil the 
environment. 

When talking about the requirements of the environmental 
assessment itself, I would suggest that the main onus for brevity 
and clarity will rest upon the officials of the ministries of 
the Province of Ontario making the proposal. Since the initial 
assessment procedures will only affect proposals of the Province 
of Ontario, I would suggest that tliose who are engaged in the 
writing of the assessment, without limiting their concerns , 
direct their minds to brevity and conciseness. 

I must necessarily deal with the issue of aesthetics. 
Some of you may like concrete buildings , while otliers like 
large stainless steel buildings. Some of those who work for 
Hydro like large mirrored buildings. To sit in judgment on 
the matter of aesthetics is to enter upon a path fraught with 
danger. However, I see no alternative. At some stage, visual 
pollution or aesthetics is no less important than the other 
technical or environmental aspects of the proposal. I quite 
frankly cannot assist the Board as to guidelines in that 
respect and I foresee some difficulty ahead in questions 
relating to this problem. 

In the event that neither the Minister nor any other 
person requires a hearing, it would be possible for the Minister, 
after receipt of the environmental assessment, and after 
completion of a review of that assessment by his staff, to 
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accept or reject the proposal as submitted. That would be the 
end of the matter insofar as the proponent is concerned. 

However, in the other cases, i.e. , where the Minister 
requires tlie environmental hearing or a person by written notice 
to the Minister requires a hearing, then the Board shall hold 
tlie hearing with respect to the acceptance or amendment of that 
assessment. 

Now having said that, I should point out that the 
Minister can exercise his absolute discretion and deny a hearing 
to a person who requests the hearing, if the Minister considers 
that the request is frivolous or vexatious or that a hearing 
is unnecessary or may cause undue delay. I am not overly 
concerned by this discretionary right of the Minister since I 
believe that he would be governed in his actions by not only 
what is proper but also what is politically expedient. I 
believe tiiat a Minister would not stay in office very long 
if he were to abuse the discretionary power to absolve from 
review a proposal which had a significant impact on the 
environment. 

I do have some concern , however , about the potential 
problems related to the use of the term "undue delay" in terms 
of the Minister's discretion. There is a legitimate concern 
witli respect to the initial delay of environmental assessment. 
No doubt, the private proponent will be sitting with expensive 
land having spent a considerable amount of money not only to 
design the project but also to evaluate it from an environmental 
point of view. This can only serve to increase his rather 
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considerable development cost. Lamentable as that miglit be, it 
will have to be accepted as a fact of business life. One thing 
is clear. Undue delay is not to be tolerated. Delay is 
inevitable. Increased lead time will have to be planned in 
respect of his new developments . This has happened in the 
past. For example, v;hen The Planning Act was introduced, 
developers and lawyers screamed that the additional requirements 
of complying with The Planning Act would render new development 
impossible. It is interesting to read the earlier cases and 
articles and to hear tlie same complaints being voiced today 
about the Environmental Assessment Act. My concern is therefore 
that while I acknowledge the absolute need of expediency, I am 
concerned that legitimate views could be sacrificed in the 
name of expediency. I am not convinced based on the experience 
in other jurisdictions that this assessment procedure results 
in undue delay but it will undoubtedly result in some additional 
delay. 

The last step in the procedure will , of course , be the 
hearing. Since there has not to date been any real experience 
with assessment hearings in Ontario, it is foolish to 
hypotJietisize about the content or form of such hearing. I have 
already spoken about my concerns with respect to the involvement 
of law^^ers and experts. The tribunal will only be successful 
if the public has credence in the legitimacy of the hearing 
process. The tribunal must at all times be the master of its 
ov/n process . It must never let the conduct of the hearing fall 
into the liands of the counsel for any of the interested parties . 
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While debate should not be stifled, it is proper and legitimate 
for the Hearing Board to direct the parties to make submissions 
on limited points. While the strict rules of evidence should 
not be applied, the tribunal should not allow witnesses or 
counsel to roam freely and at will in their testimony and 
presentation of evidence. The tribunal will develop an 
expertise of its own. In short order, they will know what is 
credible and v;hat is not. While becoming experts in their 
own right, they must never foreclose their minds to the 
submissions of the parties. The tribunal must be patient with 
tlie inarticulate and without condescension for the emotional, 
bnless all parties involved believe that they have received a 
fair hearing and believe that they have had a full and proper 
opportunity to present their views , then the process itself 
cannot succeed. One of the hallmarks of recent years has been 
the loss by the populace of its confidence in its selected 
representatives. This has been a function of many factors, 
but above all, it is a function of the perceived refusal of 
our legislators to heed our views. Government has become 
callous and that callousness reflects itself in the population. 
This Hearing Board, following the example of the Berger 
Commission, must always appear to be interested and attentive. 
They must be sympathetic, fair, but firmly in control at all 
times . Anything less , v/ill dissipate the confidence required 
to uphold the process. 

In answer to the question raised in the title of this 
paper, I don't think that an environmental impact assessment 
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v/ill be the nightmare of industry as suggested by some industrial 
spokesman. Potential for abuse is present. From my experience 
and based on the experience in other jurisdictions , such abuse 
is unlikely to occur. As for lawyers, I suppose that it is 
inevitable that they will get their fingers into the cookie jar. 
As a profession, we seem to have had remarkable success in 
convincing people that they ought not to speak their minds 
without tlie advice of counsel. VJhile it is a development with 
which I am not entirely in accord, I see no fruitful purpose in 
tilting at windmills. 

Lawyers ' involvement is inevitable but the extent of their 
involvement can be controlled. Let's remember what this Act is 
about. It is about the betterment of the people of Ontario. 
The expertise to arrive at that decision lies within all of us. 
As concerned citizens , parents and observers , even untrained, 
we have a legitimate and rightful role to play in that process. 
This system must work. The quality of the environment is too 
important an issue to allow the decision in respect of the 
quality of the environment to be determined by a handful. 

Ladies and gentlemen, I thank you for your prompt 
attention. Notv/ithstanding my comments about lawyers in the 
environmental assessment procedure, I know that they will be 
present and I hope that I am fortunate enough to be retained 
on some of them. Give your testimony in a straightforward and 
concise manner and I promise that your cross-examination will 
be a painless experience. 
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A REVIEW OF METEOROLOGICALLY BASED SUPPLEMENTARY 
EMISSION CONTROL SYSTEMS 



The maintenance of air quality standards is of major concern 
to industry. Hundreds of millions of dollars have been spent 
on various control techniques. Tall chimneys and acid plants 
are the most commonly used methods in the mining and smelting 
industry. Both these techniques are costly and while they do 
reduce the frequency of specified ground level concentrations, 
they cannot under all meteorological conditions eliminate 
ground level concentrations. 

Certain combinations of meteorological phenomena generally con- 
trol the level of air quality related to a specified source or 
from multiple sources in combination. 

Supplementary emission control systems which are reviewed in 
this paper are being given more consideration and in some 
places are accepted as a means, in conjunction with less costly 
scrubbing systems and chimneys of moderate height, of maintain- 
ing specified air quality standards and keeping both capital 
costs and maintenance costs at a minimum. 
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A REVIEW OF METEOROLOGICALLY BASED SUPPLEMENTARY 
EMISSION CONTROL SYSTEMS 

by 

MORY S. HIRT B.Sc. 

The Supplementary Control System (SCS) or use of intermittent control, 
is not a new concept but a logical engineering and economic approach 
that has been used for some time to meet ambient air quality standards, 
Such systems are in use not only in the U.S. and Canada but also in 
other countries. Table 1 presents a list of locations where some form 
of intermittent control Is presently in use. 



While most applications of the SCS are directed to the control of SO 
they can be just as easily used to control other pollutants. 



Supplementary Control Systems are quite attractive to operators of 
large isolated point sources of SO- when comparative costs are made 
between the SCS and installing and maintaining sophisticated SO 
scrubbing equipment. In a recent paper by Montgomery and Frey (1975) 
of the TVA, they state that the "average development and operational 
costs for an operational SCS are $0,581 and .232 million. In contrast, 
based upon the estimated cost of the single experimental SO scrubber 
for the Widows Creek unit 8, it might cost $100 million to equip a 
large power plant with SO ^ scrubbers and another $20 million per year 
to operate it". Even with such scrubbers there is no guarantee that 
ambient standards can be maintained under all meteorological conditions 
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TABLE 



COMPANIES USING SOME FORM OF INTERMITTENT CONTROL 



CANADA 

Cominco 
INCO 



U.S. 

ASARCO (5) locations 
Bunker Hill 
Kennecott Copper 
Magma Copper Co. 
Phelps Dodge Corp. (2) 



OTHER 



Mt. Isa Mining 
(Austral ia) 



New Brunswick Electric 

& Power Company 

Ontario Hydro 



Central Illinois Light Co, 

Commonwealth Edison Co. 
Dow Chemical 
TVA (9) 



Electricity du 

France 

I tal ian Energy Co. 
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There are generally two types of intermittent control procedures. 
One is referred to as a feedback loop (closed loop system) presently 
being used by the American Smelting and Refining Company in El Paso, 
Texas. With a feedback loop action is only taken after the monitor 
indicates the beginning of an S02 excursion. The S02 readings are 
fed back automatically to the control room where the operator assesses 
the reading and then takes appropriate action. The other is referred 
to as active control which is based on a forecast of ground level 
concentration and involves the prediction of pertinent synoptic and 
local meteorological parameters for insertion into a diffusion model. 
Emission reduction can then be planned well in advance by the operator. 
The latter is used by the MEP Company in Toronto and applied to plants 
in two different locations in Canada. These are presently undergoing 
experimental evaluation. The TVA have been using an operational 
active control loop in their Paradise Plant since I969. The sucess with 
this initial program (see Table 2) has led to the development of similar 
systems for several of their other plants. According to Montgomery et 
al (1975), TVA consider such programs to be the most effective way to 
meet both primary and secondary S02 ambient standards. Figure 1 shows, 
schematically, a typical active control system such as MEP uses. It Is 
also somewhat similar to that of the TVA. 

Ontario Hydro uses a supplementary control system (Active Control) to 
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Table 2 



24-Hour Average 


Frequency 


Before 


After 


SOiConc. Range* 


(4/29/63- 


(9/19/69- 


(ppm) 


9/18/69) 


3/31/74) 





8.232 


7.611 


.001 - .02 


6.052 


6.752 


.021 - .04 


549 


496 


.0*1-06 


121 


110 


.061 - .06 


29 


27 


.081-10 


14 


n 


.101-12 


7 


s 


.121 -.14" 


4 


4 


.141 -.16 


7 





.161-18 


1 





'From four SOi recorders 1963. and 1964: increased to five 


SOi recorders on April 20. 1965: 


ncreased to fourteen SO; 


recorders on January 1. 1968; 


reduced to seven SOi 


recorders on July 1 . 


1971; increased to nine SO; recorders 1 


on January 1, 1974. 






"National Primary Ambient Air Quality Standard for SO: is 


0.14 ppm. not to be exceeded more than once per year. 



Table 5 Frequfncy duihhuiion of measured SO; comeniraiions 
before and after implemenianon of SO: emission limitation pm- 
gram at Paradise coal -fired power plant 



(From Montgomery and Frcy (1975)) 
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switch from a high to a lower sulphur fuel when forecast of high air 
pollution are issued. A paper by McAdie andGillies (1973) describes 
the use of a meteorological based control model for industry In Sarnia, 
Ontario. They state that: 

"the performance of this program indicates that meteorological 
forecasts can be used successfully to provide major sources 
with advance information to effect any additional control measures 
relevant to their individual operations". 

The SCS will only worl<, however, for facilities where emissions and 
stack heights are such, that the frequency with which ground level 
concentrations are above a specified level, are infrequent enough 
that intermittent plant curtailment would not be uneconomical. It 
is for this reason, that prior to implementing and intermittent 
control system, an appropriate economic study be carried out to relate 
the frequency that specified ground level concentrations could be 
exceeded with differing chimney heights and with varying degrees of 
scrubbing. 

THE MEP SUPPLEMENTARY CONTROL SYSTEM 

As shown in Figure 1, the system is divided into several parts which 
when connected forms a closed loop. Emissions which are released into 
the atmosphere are controlled initially by plant parameters such as 
temperature, volume of gas, stack height and building configuration, 
Onece released Into the atmosphere, meteorological parameters control 
the levels of S0_ recorded at the monitors. The air quality reading 
along with local meteorological information are fed back into a data 
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AIR QUALITY EMISSION CONTROL PROCEDURE 




MICROMETEOROLOGICAL 
DATA 



SYNOPTIC 
METEOKOLOGICAL 

DATA 




ACQUISITION 
CENTRE 

OF ONSITE DATA 



A Q FORECAST 




DATA ACQUISITION 
■^ I AND 

FORECAST CENTRE 



FInur(' 1. Flow Chart shov^ncj typicnl active control ^vsteir used by MEP 
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acquisition center. This information is in turn displayed in both 
the operations control room and in the MEP forecast office in real 
time. MEP uses this information along with large scale synoptic 
data to prepare forecasts for the appropriate facility. Forecasts 
are usually issued 2k hours ahead as an outlook, then updated every 
6 and 12 hours or more frequently when necessary. Where possible, 
servicing of production equipment can be postponed or updated to 
coincide with periods of potentially high air pollution. 

There is a basic criteria for any facility that must be determined 
prior to proceeding with the development of an SCS. That criteria 
is whether or not such a system would be economically feasible. This 
then implies the following approach. 

1. Determine the local controls on dispersion and their 
interaction with large scale meteorological processes. 

2. Determine the frequency with which specified 
meteorological parameters occur. 

3. Proceed with the development of a model which can incor- 
porate the local topography and resulting local turbulence 
and flow patterns. 

Two and three above along with data concerning plant emission parameters 
are required to determine the economic feasibility of using intermittent 
control as applied to a specific source. It is obvious that if cutbacl<s 
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are expected to occur, say 50S of the time, management would be very 
reluctant to consider the use of the SCS as an economical means for 
maintaining ambient air quality objectives. If cutbacks, on the other 
hand, of 10 to 12^ of the time or less could maintain air quality 
objectives, management may view such an approach quite favourably in 
lieu of a loo million dollar expenditure on capital equipment and 
scrubber operating costs in the order of 20 million dollars annually. 
If intermittent controls appear feasible the fourth step is talcen. 

k. Initiate a 6 to 12 month program to familiarize plant 
personnel with the system and to make final model 
refinements. 

Ambient Air Standards vs Emission Standard 

Considerable controversy has been taking place with regard to the use 
of Emission standards. In some circles the use of the SCS and tall 
stacks have been opposed on the basis that they rely on the assimilative 
capacity of the atmosphere and do not substantially reduce total 
emissions, and that secondary processes may contribute to effects not 
presently known. In this regard a review paper written by Dr. R. E. 
Hunn for the Science Council of Canada in 1971 makes the following 
comments: 

"...the implementation of national or international emission 
standards cannot guarantee that ambient concentrations will 
never exceed any pre-asslgned level. At best, they serve 
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to distribute equitably the cost of reduction of regionally 
averaged levelsof contamination, and to eliminate pollution 
havens". 

"...the permissible rate of release of pollutants into the 
atmosphere should preferably be a function of the number of 
and heights of emitters and of local meteorological and topo- 
graphical condi t ions". 

"...National and International air quality criteria, on the 
other hand, make sense because they are related to effect". 

The Environmental Protection Agency in the September 1973 entry in 
the Federal Register (1) (Ref. No. 1) state that: 

"The mechanism of the formation of acid rain; the long term 
effect of acid moisture on plants, materials and soils; and 
the concentrations of sulphur dioxide that can result in the 
formation of rain of sufficient acidity to be a danger to 
the environment currently are being investigated throughout 
the world. The data needed for standard setting are not now 
ava i 1 abl e . Furthermore , it is not cl ear that acid rain woul d 
be a problem following attainment of the National Primary 
Standard for sulphur dioxide". 
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The EPA in their discussion concerning the proposed change in 

regulations to accommodate the supplementary control system state 
that: (1973) 

"many exi st i ng nonf errous smel ters wou Id require emission 
reductions in excess of 90 percent in order to avoid 
violations of the national standard sulphur dioxide during all 
adverse meteorological conditions. Constant emission 
limitation techniques capable of achieving this degree of 
emission reduction are not available for every smelter. The 
alternatives in most cases, will be either to close these 
facilities (or drastically curtail production), or apply 
supplementary control systems". 

MEP AIR QUALITY FORECAST EXPERIENCE 

A twelve month test and evaluation program of the MEP SCS was carried 
out for a point source of atmospheric emissions in Quebec. Forecasts 
of excessive SO ground level concentrations were issued whenever 
they were expected to occur at a monitor site (five sites in all). 
In addition, the maximum ground level concentration was forecast 
along with its down-wind location whether or not it was expected to 
occur at a monitor. A typical forecast that might be issued via 
telex is reproduced below. 
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Wednesday Sep 3 07^0 EST 
Attn: J. Doe 

AQ FCST VI d 0800 - 2000 EST 

Ridge of high pressure crossing area during day. Wind light north'ly 

this morning becoming south' 1y this afternoon. 

P2 P^ T2 - 0.1 - 0.3 ppm with 2-3 hours 0.3 * 0.6ppm. 

between O8OO and 1200 EST then becoming 0.1 ppm or less after 

1500 EST 

P3 " 0. 1 ppm or less with 2-3 hours 0.3 - O.Sppm between 

1500 and 2000 EST 

Max cone 0.^ - I.Oppm at 2 - 12 km to south until about 1200 
EST then variable and then to north after about I5OO EST 

(note: PI, P2. P4. T2 and P3 are SO2 Monitoring locations) 



A ridgid scoring technique of the forecast was used. There 
were on 1 y two categories, an accurate or inaccurate forecast. If, 
for example, a one hour excursion above a specified limit was forecast 
but not recorded at a monitor the forecast was listed as inaccurate 
even though SO2 fumes may have just missed the monitor. In logging 
the forecast score for such an incident, the statistics would record 
this as a wrong forecast for an interval of three hours. This was 
necessary since it was assumed that the plant would reduce Its 
emissions one hour prior to the forecast time and again start up one 
hour after the end of the forecast excursion. 

Figure 2 summarizes the test and evaluation period (May 197^ to 
September 1975)- The pie representing 100^ of the forecast hours 
was divided into the following categories: SO. correctly predicted 
to remain below .3^ ppm; SO- correctly predicted to be above .3^PPi 
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predictions of SO greater than .3^ ppni but not recorded at a 
monitor; and S0„ recorded above -3^ ppm with no predictions of 
SO- above .3^ Ppm. 



To iceep the cost of the experimental program to a minimum, the 
evaluation period was based on a five day week with each day 
covering the period from 0900 to 2100 hours. This coverage was thought 
to be sufficient for statistical purposes. Previous studies indicated 
that night-time S0« excursions were quite infrequent. 

For the evaluation period the division of the pie would indicate that 
strict adherence to air quality forecasts and with approximately 50^ 
emission reduction during forecast excursions, the plant would lose 
approximately 50% of its production capacity over 13.8% of the fore- 
cast hours. A violation however, would have occured for 1.9% of the 
hours. This is in contrast to 15-7% of the forecast hours without 
intermittent control. During these forecasts it was assumed that all 
emissions were from an elevated chimney and none from low level vents, 
(This was not strictly the case.) 

The above described the initial results of implementing an SCS for a 
locat ion in Quebec . A similar system has been developed for a 1 ocat ion 
several kilometers inland from one of the Great Lakes. The system has 
been in operation since early spring 1976 and as a result no formal 
statistics are presently available. Since April, however, and until 
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Figure 2. COMPARISON OF AIR QUALITY FORECASTS WITH ACTUAL MONITOR 
RECORDS FOR THE PERIOD FROM MAY 197^ TO SEPTEMBER 1975. 




13.8% OF 
FORECAST HOURS 



VIOLATIONS 

1 .3% OF 

FORECAST HOURS 



BASED ON THE ABOVE. AND IF THE SUPPLEMENTARY CONTROL 
SYSTEM WERE OPERATIONAL DURING THIS PERIOD, THERE WOULD 
HAVE BEEN APPROXIMATELY 50% PRODUCTION CUT BACK FOR 
13.8% OF THE FORECAST HOURS. 1.9% OF THE FORECAST 
HOURS WOULD HAVE A VIOLATION AND 8^.3% OF THE TIME 
FORECASTS OF NO VIOLATIONS WITH EMISSIONS UNDER 
NORMAL OPERATIONS PROVED VALID 
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June 1st only two excursions occurred out of a possible 15 and 
these as a result of emission cutbacks not initiated soon enough 
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THE CONTROL OF HYDROGEN SULPHIDE EMISSIONS 

at 
ONTARIO HYDRO'S BRUCE HEAVY WATER PLANT 



Ontario Hydro's Bruce Heavy Water Plant A is a 250 million dol- 
lar chemical plant located at Douglas Point on Lake Huron. Its 
primary process uses hydrogen sulphide to extract deuterium from 
natural water. 

Hydrogen sulphide emissions to air are extremely obnoxious to 
humans and can occur from minor leaks and from unburned releases 
from the flare. It burns to sulphur dioxide which can also be 
environmentally undesirable. This paper describes how hydrogen 
sulphide emissions to air and the resultant odours are minimized. 

Hydrogen sulphide must be stripped from water streams which are 
returned to Lake Huron. Such emissions could result from process 
upsets and from equipment malfunctions. The paper describes how 
hydrogen sulphide releases to water are being minimized. 

Effective monitoring and process and facility changes all have 
played a role in making the environmental program a success. 
Future plans are outlined. 



by 
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THE CONTROL OF HYDROGEN SULPHIDE EMISSIONS 

AT ONTARIO HYDRO'S BRUCE HEAVY WATER PLANT 

by 

STAN A. C. FRANKLIN 
KEN R. BISHOP 

The Bruce Heavy Water Plant is a billion dollar chemical plant 
located at the Bruce Nuclear Power Development on Lake Huron. 
Its primary purpose is to extract and concentrate heavy water 
from Lake Huron for use in Canadian reactors of the CANDU 
(Canadian Deuterium Uranium) design. The first plant, Plant A, 
went into service in 1973. Plants B and D are now under con- 
struction. The main process operation uses hydrogen sulphide 
(H2S) to extract deuterium oxide or heavy water from natural 
water. One Mg/s (megagram per second) of process water and 9 
Mg/s of cooling water are pumped for Plant A. 

Before discussing the environmental considerations in detail, a 
brief description of the plant would be useful. 

Slide #1 shows the process water primary flows. After water is 
pumped from Lake Huron, it passes through a clarifier and filters 
and is then degassed of oxygen and carbon dioxide. Before entering 
the extraction stage, the water is partially saturated with HoS, 
and unabsorbed gases are purged. In the extraction stage, hydrogen 
sulphide gas contacts cool water at SO^c and deuterium atoms 
concentrate in the liquid phase. When the temperature is raised to 
130*^C a portion of the deuteriiom transfers to the hydrogen sulphide 
gas. By transferring enriched streams to successive stages and 
repeating the bithermal process, the deuterium concentration is 
increased. 

Before the deuterium depleted water is returned to Lake Huron, the 
HnS must be removed from it. The key operation occurs in the 
effluent water stripper where H2S is stripped from the water and 
recycled. The water is then returned to the lake, or if not 
within the limits for H2S concentration, the return may be delayed 
by passing it through effluent lagoons. 

Slide #2 shows Plants A, B and D which make up the Bruce Heavy 
Water Plant. Using Plant A as an example, the following facilities 
can be identified: 

Water Intake 

Pumphouse 

Degas ser 

H2S Absorber, Purge Tower Area 

Extraction Tower 

Effluent Water Stripper 

Effluent Lagoons and Outfall. 

To focus on the first of the two environmental aspects to be 
presented in this paper, H2S emissions to air will be described. 
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H^ S-IN-AIR 

Hydrogen sulphide Is an odourous material. If concentrations 
reach more than 200 pg/m^ (micrograms per metre cubed) H2S can 
be smelled by most people. As well, H2S Is considered by 
virtually all humans to have an unacceptable smell. 

Although the Bruce Heavy Water Plant Is built on a large scale, 
it is a rather ordinary chemical plant. Normal operation can 
cause releases of H2S to the atmosphere. 

Plant operations will be dealt with more specifically later, but 
first the H2S-in-air problem will be defined from the point of 
view of the local residents. The Bruce Heavy Water Plemt is 
located in an area bounded by cottages to the north and south. 
When H2S odours became a nuisance in 1973, o%mers pointed out 
that most of their cottages were built 10 to 20 years ago. 
People left the cities during their vacations to escape the 
smells of the cities and, until the Bruce Heavy Water Plant was 
built, the air at their cottages was as sweet as a lakeshore air 
can be. Thus the scene was set for a real environmental problem. 

Although serious consideration had been given to environmental 
matters, the real meaning of environmental control was yet to be 
faced. Complaints of odours started to be received shortly after 
HgS was introduced into the units in 1973. By year end, a total 
of 56 complaints were registered in the Bruce Heavy Water Plant 
control room. Citizens also registered complaints with the 
Ministry of the Environment and a local "Committee of Concern" 
was formed. It is an exaggeration to say that the community was 
in am uproar, but it can be said that the Bruce Heavy Water Plant's 
image with the public was less than satisfactory. 

Clearly, extraordinary measures were necessary to rectify an un- 
satisfactory situation. In response. Plant Management established 
a small group to resolve the environmental problems. The group had 
the nature of a task force and was goal oriented. As the program 
evolved their activities included the following: 

1. Monitoring of day-to-day environmental performance. 

2. Identifying all equipment that caused H2S releases. 

3. Establishing environmental objectives. 

4. Initiating action to make improvements: 

- equipment changes 

- operating procedure changes 

5. Referring detailed engineering to project groups so that full 
attention could be paid to the problem by the environmental 
group . 

6. Monitoring the effectiveness of equipment changes and rectifying 
them as required. 
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7. Auditing the day-to-day operation from an operations point 
of view and providing feedback to production supervision. 

8. Est2U3li3hing training programs to increase operators' ability 
to control the equipment from an environmental point of view. 

9. Recording and publishing data to reinforce environmental 
performance improvements . 

10. Establishing an employee reporter system to improve knowledge 
of releases. 

With such a task force and full management commitment, the problems 
soon began to be defined and soon yielded to solutions. The result 
of the task force was the development of a program to deal with the 
H2S-in-air problems. This program was discussed with the Ministry 
of the Environment and was given their approval. The program was 
modified by mutual agreement as problems were defined and action 
initiated. For example, an incinerator was envisaged as part of 
the program, but was later deleted when alternate solutions to 
incinerating H2S were found. Progress was reported and reviewed 
regularly with the Ministry of the Environment on a flexible and 
cooperative basis. The following sections describe most of the 
problems encountered and the corrective action that was taken. 

The schematics in this slide (Slide #3) present a typical enriching 
unit tower as it is connected to the flare system. These connec- 
tions are required to protect the unit from overpressure and to 
exhaust H2S from equipment for maintenance purposes. For example, 
pumps are drained to the process drain header. The H^S saturated 
water is conducted to the process drain tank, where the H2S flashes 
off to the flare. H2S in towers is normally run down to storage 
but the final depressurization and purging is done to the flare 
header. 

Finally, the flare tip is fitted with a ring of burners to ignite 
H2S as it is released. The reason for burning the H2S is to convert 
it to SO2. Slide #4 shows the reaction: 

2 H2S + 3 O2 ► 2 H2O + 2 SO2 

SO2 is less toxic than H5S and cannot be smelled below 8000 ug/w 
(micrograms per metre cubed). This compares, as stated previously, 
with 200 yg/m3 of H2S being detectable. 

The flare stack (Slide #5) is 135 m (metres) high. It is built to 
this elevation so that releases will disperse before reaching the 
ground. As well, heat from burning the H2S causes a further ele- 
vation of gases for greater dispersal. 
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Considering the usual chemical plant facility, this system appeared 
to be more than adequate and little trouble was anticipated. Never- 
theless, complaints of odour began to come in and the first job of 
the environment group was to find out why, H2S-in-air monitors to 
measure in the - 350 pg/m-' range were installed in areas adjacent 
to the plant and survey crews were sent out to determine which gas 
people were reporting. It was determined that the odours were 
caused by H2S. This meant that H2S was escaping from the flare stack 
unburned. Pilot igniters were checked and found to be functioning 
properly. 

Another phenomenon encountered was that U25 was detected close to 
the plant (as close as 4 50 m from the flare stack) as well as up 
to 30 km (kilometers) away. This implied that sometimes the H2S 
was not being carried far away, and if it was, the gas wasn't 
dispersing as expected. 

After consulting Ontario Hydro's meteorological branch the reasons 
were identified (Slide #6) . Many fair summer days were characterized 
by very low wind velocities in the early morning. As the sun heated 
the land, cold staUsle air was drawn in off Lake Huron over warm 
unstable air. H2S was emitted into this stable air and travelled 
in a concentrated form until it contacted the unstable air. At this 
point, the H2S was conducted to the ground and was easily smelled. 
From then on, of course, good mixing occurred and the H2S became so 
dilute that it could not be detected farther downwind. At cottage 
areas near the plant concentrations up to 450 pg/m^ were recorded. 

Distant odour complaints could also be explained (Slide #7) . In 
some cases, with slightly higher wind velocities, early morning 
releases would travel out over Lake Huron, within 15 degrees of the 
shore, in cold stable air. The air over the lake was so steible 
that no mixing occurred. As the sun heated the lemd, the wind 
direction chemged and the plume of H2S was drawn over the land. 
Since H2S is slightly heavier than air and the gas streeun was at a 
low elevation it descended and could easily be smelled when it 
reached the land. 

The conclusion of this study was that although the flare stack was 
well designed from a height point of view, local weather conditions 
allowed the unburned H2S to reach ground. Although basiC/ this was 
a significant step forward. 

Clearly, the matter that had to be resolved was why H2S was escaping 
unburned. The resolution of this problem can be understood after 
some typical operations are explained (Slide #8) . 

Operation of the process drain tank was part of the problem. As 
water, saturated with H2S from a higher pressure was drained into 
the tank, H2S flashed off to the flare. But the water which was 
still saturated at atmospheric pressure accumulated in the tank. 
Eventually (Slide #9) the water in the process drain tank had to 
be sweetened and released to Lake Huron. The sour water was pumped 
through an intermittent stripper and the liberated H2S was conducted 
along with the steam to the flare stack. The flare stack gas makeup 
was then investigated. The question to be resolved was whether the 
stack gas would be likely to burn when it contained considerable 
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water vapour. 

This slide (Slide #10) indicates the key to the problem. It was 
determined that if the stack gas had a net heat content of less 
than 3700 J/kg (joules per kilogrsun) then combustion at the flare 
tip would be unstable. Typical stack mixtures were 90% steam and 
10% H2S, It can be seen that this gas has a much lower heat con- 
tent than required. This slide will be referred to later. 

When the steam problem was identified resolution of the problem 
was begun. First of all, (Slide #11) , efforts were directed 
toward reducing the cunount of HnS released on the assumption that 
if H2S was not released, it would not be smelled. 

Secondly, (Slide #12), steps were taken to increase the heat 
content of the stack gas. As can be seen in Slide #13, if the 
ratio of combustibles is increased to 80% propane by volume, the 
heat of combustion of even a 90% stesun mixture can be increased 
to greater than 3700 J/kg. That is if the stack gas consists of 
8% propane, 2% H2S plus 90% steam, the mixture will burn. Propane 
was added to the bottom of the flare stack with significant results. 

Thirdly, steps were taken to conduct water from the process drain 
tank back into the process instead of to the intermittent stripper. 
This increased the heat content in the stack gas by decreasing the 
water vapour content. 

Other efforts complemented these three activities. During prepara- 
tion for tower entry or equipment maintenance, efforts were made to 
promote H2S recovery amd to ensure that any operation which injected 
or released steam to the flare was preceded by injecting propane into 
the flare stack. Intermittent purging of nitrogen and other inerts 
from the enriching units was also accompanied by increased propane 
flows to the flare. Small amounts of propane were constantly kept 
flowing to the flare to ensure chronic small scale leaks of H2S were 
well incinerated. 

Concurrent with these technical activities , it was necessary to 
address the operation aspects of the problem. 

Plant Management (Slide #14) established the environment priority 
second only to safety, but ahead of production priorities. Rigid 
adherence has been given to this priority system. 

Secondly, (Slide #15), it was importamt to increase operator aware- 
ness of the problems and their solutions, A training program was 
established in 1974 and repeated annually. As indicated previously, 
day-to-day environment performance was monitored and lessons learned 
from operating experience were fed back to supervisors for future 
application. 
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The results of this program showed considerable improvement (Slide 
#16) . In 1973, 56 complaints of odour were received from the public, 
In 1974, 3 reports came in. In 1975, only 4 reports of odour were 
received. Relations with the public are no longer a problem as 
far as H2S odours are concerned. 

In conjunction with tripling the capacity of the plant, an H2S 
recovery system to minimize H2S and propane usage is planned. 
See Slide #17. This system includes additional facilities to 
permit H2S recovery from various sources, such as: chronic losses, 
process purging and equipment depressuring. The results will be 
that H2S releases to the flare will be further reduced. 

As shown on Slide #18, the Bruce Heavy Water Plant air environment 
objectives can be summarized as: 

1. Reduce emissions of H2S to the flare stack. 

2. Maintain a high heat content of stack gas for efficient 
combustion. 

3. Recirculate waste H2S back into the process system. 
From a management point of view, the policy is that: 

1. Environment priority is second only to safety. 

2. Operator awareness must be maintained through training and 
performance monitoring. 

H^ S-IN-WATER 

We now focus on the second environmental topic, the emission of 
H2S to water. All water streams containing H2S are stripped of it 
before the water is returned to the lake. Process effluent is 
stripped in the effluent stripper; intermittent flushing water is 
stripped in the intermittent stripper. Both strippers discharge 
their effluent to a common line which can be diverted to lagoons 
if required. The topic H2S-in-water can be understood by examining 
the causes of H2S release, the actions that have been taken and the 
resultant improvements. 

Slide #19 shows the causes of H2S releases to water by year. A 
variety of means were used to solve these problems. Unstable flows 
in the towers were quite frequent in 1973. This instability 
frequently caused the effluent stripper operating conditions to 
fluctuate. The effluent stripper requires steady flows, pressures 
and temperatures to effectively remove H2S . One important physical 
change, made in 1973, was lowering sieve plate weirs from 100 mm to 
37 mm in the extraction towers. Also in 1973, an antifoeun was added 
to the process water to minimize unstable flows in the towers. 
Steady operating conditions and therefore more effective stripper 
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operation was achieved. Some recurrent instrument failures have 
also been eliminated by improving the stripper's instrumentation. 
Better process control during shutdowns and startups has also 
contributed significantly to achieving steady operations. 

As outlined previously, the process drain tank collects water 
generated during flushing for maintenance and from small internal 
leaks. In 1975, facility changes were made to return this water 
to the enriching units. In 1976, the intermittent stripper has 
not been used. Since this sour water was often enriched in 
deuterium, some economic advantages have been achieved by recover- 
ing the deuterium. 

The remaining causes of release of H2S to water have been compara- 
tively minor and non-recurrent. 

The concern that HnS might be released to the lake with the plant 
effluent was anticipated in the original plant design. In order 
to prevent this from happening, two lagoons were built. The design 
basis estimated a 3 hour retention time as the effluent flowed 
through the lagoon. Aeration of the lagoon contents was designed 
to oxidize residual H2S to harmless forms of sulphur which would 
precipitate out of the liquid. 

Two problems developed. First, the warm effluent entering the 
lagoons tended to short circuit across the top of the cooler 
water in the lagoons and then out in approximately one-half hour. 
Secondly, aeration proved less effective than calculated. 

An operating change was made so that one lagoon was normally empty, 
and the effluent normally passed through the other full lagoon. When 
an upset occurred, the effluent was switched to the empty lagoon 
which had a capacity for 3 hours of plant effluent. Thus the design 
intent was achieved. Usually upsets were corrected within one-half 
hour. 

What are the environmental standards related to control of H2S to 
water? (Slide #20A) . Ontario Hydro uses the acronym WHEPP (Hydrogen 
Sulphide in Water Environmental Protection Performance) to define 
environmental performance trends . 

As shown in Slide #20B, WHEPP is based on the average concentration 
in the effluent. The WHEPP formula is derived such that 90% is 
considered by the Nuclear Generation Division to be good performance 
for a plant. It is shown graphically on Slide #20C along with 1976 
performance . 

Slide #21 shows the Bruce Heavy Water Plant's past performance. 
The annual number of releases has been reduced by a factor of 4 . 
The 1976 target for WHEPP is 95%. 
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Slide #2 2 shows the main effluent water flows as they exist at 
present. The two new lagoons which were designed to serve Plants 
A, B and D are now in use with Plant A effluent. The advantage of 
this mode of operation is that effluent normally flows back to the 
lake without passing through lagoons which are empty to provide a 
6 hour retention time when needed. Two important innovations were 
implemented to achieve this mode of operation. 

First, the effluent stripper process parameters of feed temperature, 
level and pressure were interlocked to automatically divert the 
effluent to the lagoon if the measured variables exceeded defined 
limits. 

A second essential plant improvement was to obtain and install 
an H2S-in-water monitor which was highly reliable and had a fast 
response time of seconds versus minutes for previous monitors. 
A commercially available H2S-ln-air monitor was used. See Slide 
#2 3. In this development air is used to strip the H2S from the 
water and a solid state H2S-in-air detector senses the HjS. In 
order to minimize the time needed for a sour Scunple to reach the 
monitor, it was physically mounted on a platform beside the 
effluent stripper. As installed it has proven reliable, quick to 
respond and inexpensive to maintain. 

This seune monitor is also interlocked to automatically divert the 
effluent to the lagoon on sensing set concentrations of H2S . The 
response is such that no sour effluent goes to the lake. 

Before these changes to lagoon operation were approved, tests were 
conducted, in conjunction with the Ministry of the Environment, to 
prove the systems would work as planned. 

CONCLUSIONS 

To summarize one could ask the question, "What factors were most 
significant in making the improvements which have been described?" 
These factors are : 

1.0 Environmental protection performance had a priority second 
only to safety. 

2.0 Objectives were clear. 

3.0 A technical group, dedicated to environmental protection, 
was formed to solve the problems. 

4,0 Effective communications were established and maintained with 
the Ministry of the Environment and reason prevailed. 

5.0 Operator training was (and continues to be) an essential 
aspect of good performance. 

6.0 Day-to-day monitoring, followed by taking corrective actions, 
was essential. 
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7.0 Technical innovation has been effective in making improve- 
ments at minimum cost, e.g.: the new monitor and its 
interlocks to the lagoons. 

The staff of Ontario Hydro are proud of their success in reducing 
emissions of H2S to both air and water. 
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ENVIRONMENT 
PRIORITIES 



1. Reduce H2S emissions to 
the Flare Stack. 
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ENVIRONMENT 
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1. Reduce H2S emissions to the 
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1. Reduce emissions of H2S. 
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1. Environment priority is second only 
to safety. 
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MINIMIZING THE COST OF AIR POLLUTION CONTROL 
IN ENAMEL CURING OVENS - A CASE STUDY 



Early attempts, beginning in the mid 1950's, to eliminate the 
cause of odour complaints from tinplate sheet enamel curing 
ovens are briefly described. Advances in coating technology 
and increasing activity in the operation resulted in Che 
generation of increasing quantities of offensive odours. As 
a result, during 1972 and 1973, five high temperature after- 
burners were installed on eight sheet curing lines which 
greatly increased the potential fuel requirements. To al- 
leviate this additional fuel burden, heat recovery systems 
were installed to utilize the hot afterburner exhaust gases 
as the heat source for the oven heating zones. Fuel cost 
savings were expected to exceed the capital cost of the 
ductwork and controls within three years. Under some opera- 
ting conditions, the operating fuel requirement of the com- 
bined oven/afterburner/heat recovery system can be less than 
the original requirement of the oven alone. 
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MINIMIZING THE COST OF AIR POLLUTION CONTROL 
IN ENAMEL CURING OVENS - A CASE STUDY 

by 

Ralph L. Whittall 

CONTINENTAL HAS OPERATED A METAL CAN MANUFACTURING PLANT IN ETOBICOKE SINCE 
1935. BY THE LATE 1940 ' s BOTH THE OPERATION AND THE ADJACENT RESIDENTIAL 

AREA HAD GROWN SUBSTANTIALLY AND COMPLAINTS WERE BEGINNING TO BE RECEIVED 
OF ODOURS FROM THE TINPLATE DECORATING OPERATIONS OF THE PLANT. ALMOST 
ALL SO-CALLED TIN CANS HAVE INSIDE PROTECTIVE COATINGS OF ENAMELS AND SOME 
HAVE EXTERIOR VARNISH PROTECTION. THESE COATINGS HAVE BECOME MORE SOPHIS- 
TICATED OVER THE YEARS IN RESPONSE TO DESIRES TO INCREASE PRODUCT SHELF 
LIFE WHILE REDUCING COSTS BY REDUCTION IN TIN COATING THICKNESS AND FASTER 
CAN PRODUCTION SPEEDS. MANY OF THE SOLVENTS USED IN THE COATINGS HAVE 

UNPLEASANT ODOURS AND SOME BECOME OFFENSIVE WHEN SUBJECTED TO THE CURING 
TEMPERATURES OF 150° TO 220° C, 

IN 1956 WE INSTALLED A NEW COATING LINE AND WITH IT A NATURAL GAS FIRED 
CATALYTIC AFTER BURNER. THE CATALYST CONSISTED OF PLATINUM COATED 

CERAMIC RODS, A MULTITUDE OF WHICH WERE PLACED IN THE OVEN EXHAUST STREAM 
IN A CROSS SECTION OF SUFFICIENT SIZE TO PROVIDE LOW EFFLUENT VELOCITY. 
THIS RAISED THE OVEN MAIN EXHAUST TEMPERATURE FROM ABOUT 125° C. TO 480° C. 
AND EFFECTIVELY DESTROYED THE ODIFEROUS ALDEHYDES AND KETONES IN THE EXHAUST 
GASES. UNHAPPILY, CATALYST LIFE WAS SHORT, MAINTENANCE COST WAS HIGH AND 
OPERATING COST, EVEN IN THOSE DAYS, WAS HIGH. 

AT THAT PERIOD OF TIME THE METROPOLITAN AIR POLLUTION DEPARTMENT WAS ADVO- 
CATING DISPERSAL IN THE ATMOSPHERE AS A MEANS OF POLLUTION CONTROL, AND, 
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AFTER CONSULTATION WITH THAT GROUP IN THE EARLY 1960's, WE REPLACED THE 
CATALYTIC UNIT WITH A HIGH STACK AND ADDED HIGH STACKS TO ALL THE OTHER 
COATER OVENS IN THE PLANT, THE EMISSION POINTS WERE THEREBY RAISED 
FROM ABOUT 10 METRES TO ABOUT 35 METRES ABOVE THE ROOF. WHILE THIS 
REDUCED THE NUISANCE IN THE IMMEDIATE NEIGHBOURHOOD, COMPLAINTS CONTINUED 
FROM FARTHER AFIELD AND UNDER CERTAIN ATMOSPHERIC CONDITIONS. 

MEANWHILE, OUR U.S. PARENT COIPANY HAD BEEN WORKING CLOSELY WITH THE 
LOS ANGELES AIR POLLUTION AUTHORITIES AND EQUIPMENT SUPPLIERS TO PERFECT 
A SYSTEM FOR ENAMEL SHEET OVENS WHICH WOULD VIRTUALLY ELIMINATE HYDROCARBON 
EMISSION UNDER THE VARIOUS OPERATING CONDITIONS WE ENCOUNTER. BOTH HIGH 
TEMPERATURE (760° C. ) AND CATALYTIC INCINERATION WERE BEING PURSUED. 
AFTER MUCH EFFORT, PRINCIPALLY IN BURNER DESIGN AND ITS PLACEMENT IN 
RELATION TO THE OVEN EFFLUENT STREAM, AN EFFICIENT HIGH TEMPERATURE UNIT 
BECAME A REALITY, IT WAS DECIDED IN 1970 TO INSTALL SUCH UNITS ON ALL 
THE OVEN LINES IN OUR PLANT. IN PART, THAT DECISION WAS A RECOGNITION 
THAT EVENTUALLY THE EMISSION OF HYDROCARBONS WOULD HAVE TO BE ELIMINATED, 
ALTHOUGH NOT YET REQUIRED BY REGULATIONS, AND THAT ELIMINATION OF ODOUR 
ALONE DID NOT MAKE MUCH ECONOMIC SENSE FOR THE LONG TERM, 

WE WERE, OF COURSE, CONCERNED ABOUT THE ADDITIONAL COST OF FUEL TO OPERATE 
HIGH TEMPERATURE AFTERBURNERS, A CONCERN RECOGNIZED BY THE MINISTRY OF THE 
ENVIRONMENT WITH WHOM WE HAD BEEN IN CONSULTATION OVER THE YEARS, CONSID- 
ERATION WAS GIVEN TO SEVERAL POSSIBLE MEANS OF UTILIZING THE WASTE HEAT, 
INCLUDING SPACE HEATING, GENERATION OF ELECTRICITY TO SERVE THE PLANT, 
AND AS A SOURCE OF HEAT FOR THE OVENS THEMSELVES. THE LAST WAS SELECTED 
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AS PROVIDING THE BEST ECONOMIC RETURN; IN SPITE OF THE FACT THAT THE 
OLDER EQUIPMENT WAS NOT SUITED TO HEAT RECOVERY BECAUSE ITS MULTI-ZONES 
MADE DISTRIBUTION AND CONTROL OF SUCH A HEAT SOURCE DIFFICULT AND EXPEN- 
SIVE. 

A SYSTEM WAS DESIGNED CONSISTING OF FIVE IDENTICAL AFTERBURNER UNITS, 
INSTALLED ABOVE THE ROOF, TO SERVE THE EIGHT OVEN LINES OPERATED IN THE 
PLANT. THUS, THREE PAIRS OF OVENS WOULD BE SERVED BY ONE UNIT FOR EACH 
PAIR AND THE OTHER TWO OVENS WOULD EACH liAVE ITS OWN AFTERBURNER. THAT 
ARRANGEMENT WAS POSSIBLE BECAUSE OF SUITABLY APPROPRIATE OVEN EXHAUST 
RATES AND THE FACT THAT EACH PAIR WOULD NORMALLY OPERATE AT THE SAME TIME. 
IT ALLOWED WELCOME ECONOMICS IN DESIGN AND FABRICATION OF THE AFTERBURNERS 
AND WASN'T EXPECTED TO INCREASE OPERATING COSTS. 

IN 1972 TWO AFTERBURNER UNITS WERE INSTALLED, ONE OF WHICH WAS EQUIPPED 
WITH THE NECESSARY DUCTWORK AND CONTROLS TO PROVIDE ALL OF THE HEAT REQUIRED 
BY THE OVEN IT SERVED. FIGURE 1 DEPICTS A CROSS SECTION OF THE AFTERBURNER. 

OVEN EXHAUST AT TEMPERATURE Ti ENTERS THE AFTERBURNER THROUGH THE IWO-PASS 
HEAT EXCHANGER WHERE THE TEMPERATURE RISES TO T2. THE BURNER FURTHER 

RAISES THE TEMPERATURE TO 760" C. , AFTER WHICH THE "CLEAN" EMISSION GASES 
PASS THROUGH THE HEAT EXCHANGER AND EXIT FROM THE SYSTEM AT APPROXIMATELY 
480° C. THE GASES ARE EITHER RECYCLED TO THE PROCESS OVEN OR EXHAUSTED 
INTO THE ATMOSPHERE. 

FIGURE 2 IS A SCHEMATIC REPRESENTATION OF THE HEAT RECOVERY SYSTEM. HIGH 
TEMPERATURE EXHAUST AIR FROM THE AFTERBURNER IS DISTRIBUTED THROUGH THE 
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HEAT TRUNK TO THE SIX OVEN HEATING ZONES AND THE WICKET PREHEAT (WPH) 
SECTION. THE HOT "WASTE" AIR SERVES AS THE HEAT SOURCE FOR THE OVEN 
HEATING ZONES WITH TEMPERATURES CONTROLLED BY THE EXISTING ZONE CONTROLLERS, 
WHICH IN TURN OPERATE THE PNEUMATIC DAMPERS LOCATED IN THE HOT AIR FEEDER 
DUCTS. THE EXISTING ZONE BURNERS ARE LEFT IN PLACE AND MAY BE UTILIZED 
IN LIEU OF THE HEAT RECOVERY SYSTEM. CHANGEOVER FROM HEAT RECOVERY TO 
BURNERS, AND VICE VERSA, IS EASILY ACCOMPLISHED BY MEANS OF A MODE SWITCH 
MOUNTED ON THE INSTRUMENT PANEL. 

AUXILIARY SUBSYSTEMS UTILIZED IN THE INSTALLATION INCLUDE: 

1, A DRAFT-PRESSURE CONTROL STATION TO MAINTAIN ADEQUATE STATIC PRESSURE 
IN THE TRUNK DUCT AND, THUS INSURE SUFFICIENT AIR SUPPLY TO ALL ZONES; 

2, A WPH SECTION EXHAUST SYSTEM DESIGNED TO EVACUATE AN AMOUNT OF AIR 
EQUIVALENT TO THAT SUPPLIED FROM THE HEAT TRUNK; 

3, AN EXTENSIVE OVEN-INCINERATOR-SHEET FEED INTERLOCK SYSTEM WHICH AFFORDS 
PROCESS AND EQUIPMENT PROTECTION. THE INTERLOCK SYSTEM PREVENTS 
FEEDING SHEETS WHEN THE INCINERATOR IS NOT WITHIN THE ACCEPTABLE 
OPERATING TEMPERATURE RANGE, AND THUS ASSURES EFFECTIVE POLLUTION 
CONTROL WHILE PREVENTING UNDERBAKED SHEETS. 

START-UP AND CHECK-OUT OF THE AFTERBURNER AND HEAT RECOVERY SYSTEM WAS 
CONDUCTED IN AUGUST 1972. THIS WAS FOLLOWED BY OVEN QUALIFICATION 

TESTS (TIME VS TEMPERATURE BAKE CURVES). ALL RUNS WERE CONDUCTED WITH 

THE SAME COATING MATERIAL, SHEET SIZE AND SPEED, AND OVEN BAKE. READINGS 
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WERE TAKEN ON A FIVE POINT SPEEDOMAX RECORDER WITH 260° C. CHART, THE FIVE 
MEASUREMENTS BEING AT STANDARD POINTS ON THE SURFACE OF A TEST SHEET. 

TWO TESTS WERE RUN ON BURNER MODE, ADHERING TO THE ESTABLISHED TEMPERATURE 

SETTINGS REQUIRED FOR ACCEPTABLE BAKES IN THE OVEN. IMMEDIATELY THERE- 
AFTER, TWO ADDITIONAL TESTS WERE RUN UNDER THE SAME PRODUCTION CONDITIONS, 
BUT USING THE HEAT RECOVERY MODE. ANALYSIS OF THESE TYPICAL CURVES CON- 
FIRMED THAT THE PROCESS BAKE CONDITIONS WERE NOT AFFECTED BY THE 
ALTERNATE HEAT SOURCE. THUS, WE WERE SATISFIED THAT THE PRINCIPLE WORKED; 
IT REMAINED TO BE DETERMINED IF AND HOW OPERATING FUEL CONSUMPTION COULD 
BE MINIMIZED BY CHANGING OPERATING CONDITIONS OR SYSTEM DESIGN SO THAT 
CONSTRUCTION COULD PROCEED ON THE ADDITIONAL UNITS SCHEDULED FOR 1973, TWO 
OF WHICH WERE TO UTILIZE HEAT RECOVERY. 

IN PREPARATION FOR THE ORIGINAL PROGRAM, A METER HAD BEEN INSTALLED ON THE 
NATURAL GAS TRUNK LINE TO THE OVEN SO THAT WE HAD CONSIDERABLE DATA ON GAS 
CONSUMPTION OVER VARIOUS OPERATING CONDITIONS OF OVEN BAKE TEMPERATURE AND 
SHEET WEIGHT AND SPEED, IN RETROSPECT, WE SHOULD HAVE ALSO DETERMINED 
GAS CONSUMPTION AT EACH OVEN ZONE. WE THOUGHT THAT WE KNEW THE PROPORTION 
OF THE TOTAL USED IN EACH ZONE, BUT SUBSEQUENTLY DISCOVERED THAT WAS NOT SO. 
ACCURATE KNOWLEDGE WOULD HAVE ENABLED US TO REDUCE AFTERBURNER CAPACITY AND 
DUCTWORK SIZES, AND HENCE THE CAPITAL COSTS. 

OVER THE SIX MONTH PERIOD FROM AUGUST 1972 TO JANUARY 1973 WE MONITORED GAS 
CONSUMPTION OF THE AFTERBURNER WITH THE SYSTEM OPERATING ON HEAT RECOVERY 
MODE. AS EXPECTED, THE AFTERBURNER GAS CONSUMPTION RATE VARIED GREATLY 
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WITH OPERATING CONDITIONS, RANGING FROM 1400 to 2150 kj/sec. THE 
PRINCIPAL REASON FOR THAT VARIATION IS THE CONTRIBUTION TO THE AFTER- 
BURNER HEAT REQUIREMENT AFFORDED BY THE SOLVENTS IN THE OVEN EFFLUENT, 
WHICH OF COURSE VARY WITH CONSTITUENT, ENAMEL FILM WEIGHT AND THE TIN- 
PLATE SHEET SIZE, OVEN BAKE TEMPERATURE IS ALSO A FACTOR BECAUSE THE 
AFTERBURNER IS RAISING A VARIABLE INPUT TEMPERATURE TO A FIXED OUTPUT 
TEMPERATURE. 

LOWER TEMPERATURE BAKES ARE ASSOCIATED WITH SPECIFIC COATING MATERIALS 
AND HENCE CERTAIN SOLVENTS, THE SAME IS TRUE FOR THE HIGHER TEMPERATURE 

BAKES. OUR OBJECTIVE WAS TO MAKE AN ECONOMIC ANALYSIS OF THE SYSTEM IN 
ORDER TO ESTABLISH RELATIVE FUEL VOLUME AND COST SAVINGS. THEREFORE, A 

TIME-WEIGHTED AVERAGE FUEL CONSUMPTION WAS DETERMINED ON THE BASIS THAT 
THE PROPORTION OF HIGH BAKES TO LOW BAKES IS APPROXIMATELY 3 TO 1 . THE 
FOLLOWING ARE TIME WEIGHTED, AVERAGE, EQUIVALENT NATURAL GAS CONSUMPTIONS: 

OVEN WITH NO AFTERBURNER 

LOW BAKES - 790 kJ/sec. 

HIGH BAKES - 1088 kJ/sec. 

TIME-WEIGHTED AVERAGE 

ALL BAKES ^ 1000 kJ/sec. 

AFTERBURNER ONLY 

TIME -WEIGHTED AVERAGE 

ALL COATINGS - 1645 kj/sec. 



- 110 - 



THE FOLLOWING ANALYSIS ESTABLISHES THE INCREASED FUEL REQUIREMENTS WHEN 
AN AFTERBURNER IS ADDED TO A SHEET COATING OVEN. THE ANALYSIS IS 

INTENDED TO SHOW HOW FUEL CONSERVATION RESULTS WHEN HEAT RECOVERY IS 
USED TO INTEGRATE THE TWO PROCESSES. ALL SUBSEQUENT CALCULATIONS ARE 

BASED ON 6000 OPERATING HOURS PER YEAR. USING THE TIME -WEIGHTED AVERAGES, 
THE ANNUAL FUEL CONSUMPTION FOR THE OVEN IS: 



(1000 kJ/sec.) X (6000 x 60 x 60 secs/yr.) = 2.16 x 10^° kj/yr 



AND FOR THE AFTERBURNER IS: 

(1645 kj/sec.) x (6000 x 60 x 60 secs/yr.) = 3.55 x 10 kj/yr 



TOTAL OVEN AND AFTERBURNER FUEL REQUIREMENTS ARE: 

(2.16 X 10^"^ kJ/yr) + (3.55 x lO''^^ kJ/yr) = 5.71 x 10^° kJ/yr 



INTEGRATING THE TWO PROCESSES WITH A HEAT RECOVERY SYSTEM ELIMINATES THE 
OVEN FUEL REQUIREMENT AND ITS RELATED COST. FUEL CONSUMPTION IN THE 
COMBINED SYSTEM IS THAT SHOWN ABOVE FOR THE INCINERATOR ALONE, AND THOUGH 
GREATER THAN THE OVEN ALONE, IS CONSIDERABLY LOWER THAN AN INDEPENDENT 
OVEN-AFTERBURNER SYSTEM. WHERE AFTERBURNERS ARE REQUIRED, THE FUEL COST 
SAVINGS MAY, AND TO-DAY PROBABLY WOULD, JUSTIFY THE ADDITIONAL CAPITAL 
COST OF HEAT RECOVERY. 

YOU WILL NOTE THAT THIS WORK WAS DONE IMMEDIATELY PRIOR TO THE PERIOD IN 
WHICH FUEL COST BEGAN TO ESCALATE RAPIDLY. TO SAY WE WERE WELL TIMED 
WOULD BE AN UNDERSTATEMENT. PRICING ACTION IN THE MIDDLE EAST ADDED 
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IMPETUS TO OUR DESIRE TO MAKE FURTHER REDUCTION IN FUEL CONSUMPTION. 

THE FACTORS AFFECTING THE OPERATING FUEL COST OF AN AFTERBURNER ARE: 
1) THE SOLVENT COMPOSITION OF THE COATINGS; 2) THE COST OF THE FUEL; 
3) THE EXHAUST RATE AT WHICH THE OVEN IS OPERATED. TRADITIONALLY, 
OUR LARGE SHEET COATER OVENS HAD BEEN OPERATED AT AN EXHAUST RATE OF 
ABOUT 280 STANDARD m-^/min. IN ORDER TO ACCOMMODATE MAXIMUM DESIGN SPEED, 
COATING WEIGHT AND SHEET SIZE; AND ENSURE MAINTENANCE OF THE ATMOSPHERE 
WITHIN THE OVEN BELOW 25X OF THE LOWER EXPLOSIVE LIMIT, AN INSURANCE 
REQUIREMENT. PREVIOUS WORK WITH VARIABLE EXHAUST OVENS, IN WHICH THE 
EXHAUST RATE WAS AUTOMATICALLY VARIED TO MAINTAIN 25% LEL BY MONITORING 
THE AIR IN THE FIRST ZONE OF THE OVEN, HAD SHOWN US THAT 280 m^/min. WAS 
NOT REQUIRED IN PRACTICE. ACCORDINGLY, WHEN THE AFTERBURNERS WERE 

INSTALLED, THEY WERE DESIGNED, AND THE COATER OVENS WERE RESET FOR, 226 

3 
STD. m /min. THAT EXHAUST RATE WAS CHOSEN MAINLY BECAUSE WE EXPECTED 

TO REQUIRE THAT AMOUNT OF AFTERBURNER EXHAUST (AT 480° C) TO ENSURE 

SATISFACTORY OPERATION OF THE OVEN UNDER THE HEAT RECOVERY SYSTEM. 

IT DIDN'T WORK OUT THAT WAY. FLOW RATES WERE DETERMINED IN THE DUCTS 
FEEDING THE OVEN HEATING SECTIONS UNDER VARIOUS OPERATING CONDITIONS AND 
FOUND TO BE LESS THAN HALF THOSE EXPECTED, SOMETIMES SUBSTANTIALLY LESS. 
EXHIBIT 3 IS A TYPICAL TEST RESULT WHICH SHOWED THAT A 170° C - 8 MINUTE 
BAKE REQUIRED 91 STD m /min. OF AIR AT 402 - 438° C TO MAINTAIN OPERATION 
AND ANOTHER 142 STD. m-^/min. WAS EXHAUSTED TO ATMOSPHERE, 

AS A RESULT OF THIS EXPERIENCE IT WAS DECIDED TO MAKE A FURTHER MAJOR 
REDUCTION IN EXHAUST RATE. A MINIMUM RATE OF 141.5 STD. m-^/min. WAS 
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CALCULATED AS NECESSARY TO PREVENT SOLVENT CONCENTRATIONS FROM EXCEEDING 
25% LEL. THE TESTS HAD SHOWN THAT 113 TO 141-5 STD- m^/min. OF HIGH 
TEMPERATURE AIR WILL SUSTAIN ALL OVEN BAKES. ON THAT BASIS IT WAS 
DETERMINED PRACTICAL TO REDUCE THE OVEN EXHAUST RATE TO 170 STD, m-^/min. , 
STILL ALLOWING SOME FACTOR OF SAFETY FOR UNUSUAL OPERATING CONDITIONS. 
IT WILL BE RECALLED THAT DESIGN CONDITIONS OF THESE OVENS INCLUDED AN 
EXHAUST RATE OF 280 STD m-'/rain. WE WERE NOW TRYING TO REACH A RATE 
407o LOWER AND WORKING WITH A RECTANGULAR BOX OVER 30 METRES IN LENGTH 
IN WHICH AIR FLOW AND TEMPERATURE MUST BE MAINTAINED WITHIN NARROW LIMITS, 
BOTH ENDS OF WHICH ARE OPEN, AND HAVING MANY PANEL JOINTS SUBJECTED TO 
DIFFERENTIAL AND CYCLING TEMPERATURE LEVELS. LEAKAGE INTO THE SYSTEM 
HAS PREVENTED US FROM GETTING BELOW AN EXHAUST RATE OF 178 STD. m^/min. , 
BUT THE RESULTS WERE WORTH THE EFFORT. IN 1975 TESTS CONDUCTED ON ONE 
OVEN SHOWED THAT THE TOTAL NATURAL GAS CONSUMPTION OF THE OVEN AFTER- 
BURNER SYSTEM WAS LESS THAN THE STATISTICAL AVERAGE FUEL REQUIREMENT FOR 
THE OVEN ABOVE MEASURED IN 1972-73. EXHIBIT 4 SUMMARIZES THESE MATTERS, 
LISTING THE FUEL CONSUMPTION AS MEASURED IN 1972-73 FOR AFTERBURNER AND 
OVEN (TIME-WEIGHTED AVERAGES) AT A 227 STD. m^/miTi. EXHAUST RATE; 1974 
CALCULATED CONSUMPTIONS AT 227 AND 178 STD. m^/min. EXHAUST RATES; AND 
1974 TEST RESULTS OF THE INTEGRATED SYSTEM AND TIK)SE SAME EXHAUST RATES. 

REFERRING TO EXHIBIT 4, FUEL CONSUMPTION RATES WERE CALCULATED FOR AN 
IDEALIZED, TYPICAL FUME INCINERATOR AND OVEN, LINES 2a AND 2b, ASSUMING 
100% PRODUCTION EFFICIENCY. AT 227 m^/min EXHAUST RATE, THE FUEL 
REQUIREMENTS CALCULATE TO BE 6.40 x 10^ kJ/hr FOR THE INCINERATOR AND 
3.68 X 10 kj/hr FOR THE OVEN. THESE VALUES WERE GENERATED FOR ONE 
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PARTICULAR OPERATING CONDITION, AND WHILE SURPRISINGLY CLOSE TO THE 1973 
MEASURED "AVERAGE" VALUES, ARE NOT MEANT TO BE COMPARABLE. THEIR VALUE 
LIES IN A COMPARISON WITH VALUES CALCULATED UNDER THE SAME CONDITIONS FOR 
A REDUCED EXHAUST RATE OF 178 m^/min; NAMELY, 4.31 x 10^ AND 3.35 x 10^ kj/hr, 
FOR INCINERATOR AND OVEN, RESPECTIVELY. THE EXHAUST REDUCTION FROM 229 TO 
178 m^/min. RESULTED IN A CALCULATED FUEL REDUCTION OF 32.7% FOR THE 
INCINERATOR AND 9.7% FOR THE OVEN, EXHIBIT 4, LINE 2d. NOTE THAT THESE 
PERCENT REDUCTIONS ARE APPLICABLE ONLY TO ONE PARTICULAR SET OF OPERATING 
CONDITIONS AND PARAMETERS, AND ARE NOT NECESSARILY APPLICABLE TO THE 
STATISTICAL AVERAGE FUEL CONSUMPTION RATES. 



IN JANUARY, 1974, ONE COMPARISON TEST WAS RUN TO MEASURE FUEL CONSUMPTION 
RATES, GAS CONSUMPTION RATES WERE MEASURED AT BOTH 227 and 178 m^/min. 
EXHAUST RATES AND FOUND TO BE 4.52 x 10^ and 3.26 x 10^ kJ/hr. RESPECTIVELY, 
EXHIBIT 4, LINES 3a and 3b. NOTE THAT THESE USAGE FIGURES ARE NOT DIRECTLY 
COMPARABLE TO THE CALCULATED FIGURES BECAUSE THEY APPLY TO ONE PARTICULAR 
SET OF OPERATING CONDITIONS, HOWEVER, THE PERCENT REDUCTION IN FUEL 
CONSUMPTION (27.9%) IS ROUGHLY COMPARABLE TO THE CALCULATED VALUE FOR 
IDEALIZED CONDITIONS (32.7%) 

TWO CONSIDERATIONS ARE PARTICULARLY NOTEWORTHY. FIRST, THE PERCENT FUEL 
REDUCTION TO BE ATTAINED THROUGH ANY GIVEN EXHAUST RATE REDUCTION IS WIDELY 
VARIABLE. ITS VALUE IS GREATLY DEPENDENT ON THE PROPORTION BEIVEEN THE 
THERMAL VALUE OF THE SOLVENT LOADING, AND THE FUEL CONTRIBUTION. IN OTHER 
WORDS, THE GREATER THE VALUE OF THE THERMAL CONTRIBUTION OF THE SOLVENT 
LOADING, THE GREATER WILL BE THE PERCENT FUEL RATE REDUCTION FOR A GIVEN 
EXHAUST RATE REDUCTION. 
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THE SECOND ITEM OF NOTE IS THAT, AT THE REDUCED EXHAUST OF 178 m^/min, , THE 
INCINERATOR FUEL REQUIREMENT OF 3,26 x 10^ kj/hr, IS LESS THAN THE 
STATISTICAL AVERAGE FUEL REQUIREMENT OF 3.60 x 10^ kJ/hr MEASURED IN 
1972-73. THIS MEANS THAT UNDER CERTAIN SPECIFIC OPERATING CONDITIONS 
(SOLVENT LOADING) , THE FUEL CONSUMPTION OF THE INCINERATOR AND OVEN 
COIBINATION UNDER HEAT RECOVERY OPERATION CAN BE LESS THAN THE ORIGINAL 
OVEN REQUIREMENT PRIOR TO INSTALLATION OF THE CONTROL DEVICE. THIS IS 
OBVIOUSLY NOT TRUE UNDER ALL OPERATING CONDITIONS, AND WAS ARRIVED AT 
THROUGH CONSIDERATION OF PROPER EXHAUST REDUCTION METHODS. HOWEVER, 
THE IMPORTANCE OF SUCH A PHENOMENON SHOULD NOT BE MINIMIZED, PARTICULARLY 
AT LOCATIONS WHERE ADDITIONAL FUEL IS NOT AVAILABLE FOR NECESSARY EMISSION 
CONTROL DEVICES. 

THE EXERCISE HAS HAD A NUMBER OF BENEFITS IN ADDITION TO SAVING WHAT COULD 
HAVE BEEN A SUBSTANTIAL INCREASE IN THE FUEL BILL. IT HAS SHOWN THAT WE 
CAN ACCURATELY PREDICT WHAT THE EFFECT OF VARIOUS OPERATING CONDITIONS 
WILL BE, AND THAT THE PHYSICAL SIZE OF FUTURE AFTERBURNERS CAN BE SUB- 
STANTIALLY REDUCED. IT HAS ALSO SHOWN THAT FUTURE OVEN DESIGN CAN BE 
IMPROVED BY REDUCING THE NUMBER OF INDIVIDUALLY CONTROLLED ZONES; AS THE 
HEAT REQUIREMENT OF SEVERAL EXISTING ZONES IS MINIMAL, MUCH OF THE 
KNOWLEDGE ACCUMULATED HERE HAS ALSO BEEN USEFUL IN THE DESIGN OF NEXT 
GENERATION AFTERBURNERS INCORPORATING CATALYTIC ASSIST WHICH NOW APPEARS 
TO BE PERFECTED, 
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EXHIBIT 3 
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OVEN EXHAUST 
1ST ZONE 
2ND ZONE 
3RD ZONE 
4TH ZONE 
5TH ZONE 
6TH ZONE 
WPH SECTION 
TRUNK EXHAUST 

TEST CONDITIONS (AUGUST 1972) 

EXHAUST RATE: 
BAKE TEMPERATURE: 
PLATE SIZE: 
SHEET SPEED: 
OVEN EXHAUST: 
TRUNK: 



FLOW RATE 
STD, m^/mln. 



232 
31 

3.1 
1.8 
2.8 
5.4 
ZONE SHUT OFF 
41 
142 



TEMPERATURE 



99 
438 
438 
438 
438 
402 
402 
427 
427 



232 STD m^/inln. 

171°C - 8 min. 

74 X 86 cm. - 0.26 mm THICK 

90 SPM 

3 

232 STD. m /min, 

3 

142 STD, m /min. 



HOT AIR SUPPLIED TO OVEN: 



91 STD. m-3/mln. (? 402°C to 438°C. 



FUEL CONSUMPTION COMPARISON 



Exhibit 4. 



rUEL CONSUMPTION RATE 
(MILLION kJ/hr) 



I 



1972-73 MEASURED 

"TIME WEIGHTED AVERAGE" FUEL CONSUMPTION 
(AVERAGED OVER ALL BAKES, OPERATING CON- 
DITIONS, COATING APPLICATIONS AND 
PRODUCTION EFFICIENCIES) 

1974 CALCULATIONS 

FUEL CONSUMPTION (FOR IDEALIZED TYPICAL 

PRODUCTION CONDITIONS, ASSUMED FULL 
PRODUCTION EFFICIENCY 

DROP IN FUEL CONSUMPTION/EXHAUST RATE 

% REDUCTION 

1974 MEASURED 

R'EL CONSUMPTION SINGLE TEST 



DROP IN FUEL CONSUMPTION/EXHAUST RATE 
"L REDUCTION 



a. 



AFTERBURNER 



5.92 



«« 


4.52 


b. 


3,26 


c. 


1.26 


d. 


27.9% 



OVEN 



3.60 



a. 


6.40 


3.68 


b* 


4.31 


3.35 


e. 


2.09 


.33 


d. 


32.77. 


9.77. 



EXHAUST RATE 
(m-^/min.) 



227 



227 

178 
49 
21,6% 

227 
178 

49 

21.67„ 



THE IMPLEMENTATION OF A DUST CONTROL PROGRAM FOR 



GRAIN ELEVATORS IN THUNDER BAY 



Saskatchewan Wheat Pool operates ten Terminal Grain Elevators 
in Thunder Bay, Ontario, which annually handle up to 300 mil- 
lion bushels of grain, about 35 per cent of the Canadian ex- 
port volume. Since 1972 the Company has been involved in a 
major program to control dust emissions from these elevators. 

There are twelve Saskatchewan Wheat Pool Elevators with about 
1000 individual emission points discharging a total volume of 
five million CFM. 

For the most part the methods of removing particulate matter 
from the air streams by use of fabric filters was well estab- 
lished. The main task of this undertaking was to provide 
economical, dependable systems, compatible with operating 
requirements and to do this in existing facilities. 

Forty per cent of the program described is to be completed 
by year end and the remainder by the end of 1977. 




by 

B. D. (Doug) STONE 

Project Engineer 
Saskatchewan Wheat Pool 
Thunder Bay, Ontario 



A native of Shoal Lake, Manitoba, 
Mr. Stone graduated from the Univer- 
sity of Manitoba in 1955 with a Bach- 
elor of Science in Mechanical Engin- 
eering. He is a member of the Assoc- 
iation of Professional Engineers of 
Ontario and the Grain Elevator and 
Processing Society. Prior to working 
in the grain industry he was involved 
in Plant Engineering in a Chemical 
Fertilizer Plant and also in Petroleum 
Engineering in Alberta. As Project 
Engineer with Saskatchewan Wheat Pool 
he is now responsible for the Dust 
Control Program at Their Thunder Bay 
Elevators . 
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THE IMPLH4ENTATI0N OF A DUST CCBTROL PROGRAM 
FOR C21AIN ELEVATORS IN THUNEER BAY 

by 
B. D. Stone 

I IMTRODUCTION 

This paper describes the Dust Control Program undertaken by Saskatchewan 
Wheat Pool in its grain elevators in Thunder Bay, and covers both the overall 
program and a more detailed description of the projects underway at individual 
elevators. 

In July 1969 owners of grain elevators in Thunder Bay were approached by the 
then Air Management Branch regarding excessive emission of grain dust. This 
was the beginning of what was to be a ten year, 30 million dollar program to 
reduce dust emission. In order to understand the problems more fully an 
overview of our industry and some of the backgroxind information on dust 
sources and emissions might be useful. 

Thunder Bay is one of the world's busiest grain ports. The statistics 
pertaining to its grain handling ability are impressive and include: 

- an annual throughput capacity of 600,000,000 bushels 

- a railcar unloading capacity of I8OO cars per day or 300,000 
cars per year 

- a grain storage capacity of 95|0O0,OOO bushels 

- annual loading of 700 ships 

This slide will give you a better idea of the type of facilities we're 
considering. It shows a group of 7 of the Lakehead*s 19 active elevators. 

There are two classes of dust sources in an elevator. The first 
is grain cleaning and is a situation unique to the Canadian Handling 
System, Unlike most other countries we ship extremely clean, highly graded 
grain which is accomplished by precise cleaning at terminal points such as 
Vancouver and Thunder Bay, A fundamental procedure in cleaning grain is 
aspirating the grain with an air stream to remove dust and chaff. This is 
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accomplished on small, low capacity cleaners, using 5000-10,000 CFM of air. 
This accounts for about 5^^ of our dust control problem. 

The second source of air emission is from dust control systems 
serving points where the grain stream is transferred to or fran conveyors, 
bins or spouts. Between entering and leaving the elevator grain will pass 
through 20 to 30 different transfer points which each have aspirated hoods or 
enclosures to suppress dust. 

All dust from the grain cleaners and fran dust control systems was 
originally controlled by cyclone dust collectors. 

These slides shows the cyclones at our #7 elevator before the present 
dust control program began. There are about 130 separate cyclones with a 
total air discharge of 850,000 CfM. You can also visualize their efficiency 
as dust collectors ty the amount of dust being discharged. 

II DEFINITION OF DUST CONTROL REQUIREMENTS 

After first being approached by the Air Management Branch the elevator 
owners formed a committee within the Lakehead Terminal Elevator Association. 
This committee worked with the Air Management Branch frcxn 1969 to 1972 to 
define the extent of the dust emission problem and suitable methods and 
schedules for control. 

One of the most crucial items at the outset of this program was to define 
the quantities of air and dust being discharged. The dust control systems 
in the elevators had been in service for periods of between 20 and 70, years 
and very little information was available on air volumes, dust loadings and 
cyclone efficiency. 

The initial effort was directed at determining the air volumes being 
discharged from each point in each elevator. This required running a pitot 
tube traverse on about 2000 individual points in 23 separate elevators. 
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Table #1 summarizes the measured volxunes for each elevator. The magnitude 
of the volumes indicates the scope of the problem. 

A second survey was carried out to determine dust quantities generated 
and cyclone effiency for each type of operation. This consisted of 
simultaneous high volume sampling of cyclone inlets and discharges. A total 
of 35 tests were run on 15 separate cyclones. Table 4P- summarizes the survey 
results. Under the column "Operation" is a sequential list of each operation 
a batch of grain encounters as it passes through the elevator. The second 
col'umn gives the average cyclone efficiency and the third shows the measured 
amount of dust generated per ton of grain handled. The fourth and fifth 
columns indicate the portion of dust collected by the dust collectors and the 
portion discharged to the atmosphere. The final total shows .703 lbs. of 
dust are emitted to the atmosphere per ton of grain handled. 

After both the air and dust measurements surveys ^ere completed we 
combined the results to determine the relative costs of reducing dust 
emissions from each type of system. Table #3 shows these costs, and was used 
as an input to develop the overall program. As I'll discuss later the 
garner and scale vents were the first points to be fully controlled, principally, 
because 35^ of the total dust being emitted was collected by filtering about 
6^ of the air. 

The meetings with the Air Management Branch resulted in Control Orders 
being issued to the elevator companies in May 1972- 

After receiving these Saskatchewan Wheat Pool prepared an overall 
program for dust control in the 12 elevators we then operated. Table #/+ 
shows the preliminary schedule and our estimated costs at that time. 

Some of these elevators were older facilities located in relatively 
poor positionn in the harbour. The large dust control expenditures necessitated 
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TABLE NUMBER 1 

^T n n n n A A H X H A A A A 

AIR VOLUME SURVEY - 
ALL THUNDER BAY ELEVATORS 

TOTAL AIR DISCHARGE VOLUMES (CFM) 



ELEVATOR 

Sask. Pool lj\. 
Sask- Pool /jB 
Sask, Pool 5 
Sask. Pool 6 
Sask. Pool 7 
Sask. Pool 8 
Sask. Pool 10 (5F) 
Sask. Pool 11 
Sask. Pool 14 
Sask. Pool 15 
Sask. Pool 16 
Sask. Pool 17 
Alta. Pool 9 
Man. Pool 1 
Man. Pool 2 
Man, Pool 3 
U.G.G. A 
U.G.G. McCabe 
Richardson A 
Richardson B 
National 
P & H 



VOLUME (CJM) 

\y \j \j Kt \j M V \J tJ -U V ^d it W 

K n R ARA^AA AAA ^^ ^ 



466,316 
426,215 
451,452 
571,604 
790,637 
270,832 

162,810 
171,042 
322,641 
375,831 
409,381 
377,263 
201,215 

536,895 
163,625 
416,939 
652,418 
394,740 
537,722 
173,677 
324,069 
114,696 

8,312,020 



BASED ON: Lakehead Terminal 

Elevator Air Volume 
Survey, February 1971 
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TABLE NUMBER 2 

^i. W M M \J W %d \J *J ht_.-U. it it td 

^T n n n n K K n n n n n K ^T 

RESULTS OF DUST SAMPLE SURVEY 



OPERATION 



CYCLONE 
EFFICIENCY % 



DUST GENERATED DUST COLLECTED DUST DISCHARGED 
LP/TOtJ OF GRAIN LB/tON TO ATO. LB/TON 



Railcar dumping 88,7 

Garner & scale Ho cyclone 

Cleaner bin 90 

Cleaning #1 91.4 

Gamer No cyclone 

Cleaning bin 90 

Cleaning ,-^ 91./. 

Garner No cyclone 

Belt loader 74.15 

Belt tripper 74.15 

Annex storage bin 

Shipping belt loader 74.15 

Fixed tripper and 
Leg boot 



Gamer & scale 
Shipping bin 
Railcar loading 



74.15 

No cyclone 

No cyclone 

83.25 



0.3334 

0.10 

0.03 
1.454 

.05 

.03 
1.454 

.05 

.03325 

.03325 

.00 

.03325 

.03325 

.05 

.03 

.1505 



.2955 
0.0 

.027 
1.330 

0.0 

.027 
1-330 

0.0 

.02465 

.02465 

0.0 

.02465 
.02465 

0.0 
0.0 

.1253 



.0379 

.100 

.003 
.124 

.05 

.003 
.124 

.05 

.0086 

.0086 
0.0 
.0086 

.0086 
.05 
.03 
.0252 



Subtotal 




3.8649 


3.2334 


.6315 


Main Dust Transport- 
ation System 


97.8 


3.2334 


3.1624 


.071 


TOTAL 




3.2334 


3.1624 


7 '"■ ". 



BASED ON: Lakehead Terminal 

Elevator Association 
Dust Sampling 
Survey, July 1971 
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TABLE NUMBER 3 



RELATIVE COSTS TO COLLECT AND FILTER 
DUST EMISSION FROM VARIOUS OPERATICM 



OPERATION 



RELATIVE AMOUNTS 
OF DUST TO BE 
COLLECTED 



TYPICAL AIR 

VOLUME (cm) 



RELATIVE COST 
"Y X 10 ^ 



Gamer & Scales 

Main Dust 

Transportation 

Workhouse Bins 

Cleaners 

Railcar Dumping 

Clean Grain 
Transfer To 
Annex 



.250 

.071 
.036 
.248 
.038 

.036 



25,000 

10,000 

15,000 

200,000 

80,000 

100,000 



100 

l/,0 
417 



2105 



2777 
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PRELIMINARY SCHEDULE AND ESTIMATED COST 
MAY 1972 
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a very careful look at their future role in our system and of the 12 elevators 
we were forced to decide on abandonment and demolition of five. We expect 
the total demolition costs to reach about $ 1,500,000. 

Our overall dust control program was then reduced to a more manageable 
size, covering 7 elevators. Table #5 summarizes the program for these plants 
showing first garner and scale vents and second what we term Phase II, full 
dust control, with air volumes, and costs for each phase. This is the actual 
program undertaken, and now about 309S complete. 



I'd now like to describe how we implemented this program and give 
specific examples of sane of the more novel ideas we've used, describe the 
equipment selected, and then touch on costs. 

On all projects we made extensive use of consulting engineers to work 
on what might best be termed a modified project management approach based on 
detailed design parameters prepared by Saskatchewan Wheat Pool. This approach 
entails a detailed survey of each area of work, system design, indi^/idual 
selection of all major equipment, and detailed design and construction 
responsibilities. This is admittedly an expensive approach to engineering 
but we felt it was the only method which would insure an adequate overall 
design, individual selection of major equipment, and competitive supply and 
installation pricing, 

III PliASE I - SCALE AND GARNER VENT ca^TROLS 

Preliminary surveys had shown garner and scale vents were responsible for 
about 35^ of the total dust emission but required filtering only 6% of the 
air (and therefore representing about 6^ of the costs). Also, these emission 
points were the highest points on the elevators and were the most visable. 
Figure lA is a cross section of an elevator showing the vent location. 
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TABLE #5 

SASKATCHEWAN WHEAT POOL (SWP) 
FINAL DUST CONTROL PROGRAM 

Jf.41. V V W V V - V--"- "^ lif . V ^ " ^ " -V. -w -\j- -w A/ w ij V \t \j \j V \i V 
TTT^ n ^ TT A n T^ 7^ A 7r "Ttr ^ n K ^^ ^ n fT n K n n n n n n A n n 



PROJECT 



AIR VOLUME 
FILTERED (cFM) 



COST 



PHASE I - SCALE AND GARNER 
VENTS 



SWF ELEVATOR /+A 


27,800 


SWP ELEVATOR /4B 


24,500 


SWP ELEVATOR 6 


27,500 


SWP ELEVATOR 7 


43,000 


SWP ELEVATOR 14 


18,000 


SWP ELEVATOR 15 


16,350 



TOTAL 



157,150 



$ 92,000 

95,000 

102,000 

115,000 

47,000 

73,000 

$524,000 



PHASE II - FULL DUST 
CONTROL 



SWP ELEVATOR 4A & 4B 853,000 

SWP ELEVATOR 6 486,000 

SWP ELEVATOR 7 730,000 

SWP ELEVATOR 8 270,000 

SWP ELEVATOR 14 310,000 

SWP ELEVATOR 15 381,000 



$ 4,380,000 
3,137,000 
3,249,000 
1,420,000 
1,669,000 
2,341,000 



TOTAL 



3,030,000 



$16,196,000 



TOTAL 



3,187,150 



$16,720,000 
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Scale & Garner Veni 



Leg Vent 



O 



-- FIGURE 1A 

CROSS SECTION OF GRAIN ELEVATOR 
TRACK SHED, WORK HOUSf: AND 
STORAGE ANNFX SHOWING DUST 
CONTROL SYSTEM. 

TYPirAL OAT OUST COHTROl SYSTEM 
Intludine 




The first phase of our program was therefore to control dust emissions from 
these. This slide shows an open vent before dust control was installed and 
shows the amount of dust discharging and accumulated around it. The second 
slide shows the roof of one of our elevators after dust control was installed. 
We have now controlled a total of 125 vents at 6 elevators at a cost of 
$524,000 and collect about 5 tons /day of dust. 

Rigure #1 shows the process we are considering. As the bucket elevator 
feeds the garner air is displaced out the open vent in proportion to the 
amount of grain entering. We did considerable testing in this area and came 
up with some surprising facts; For example, you might expect that for each 
cubic foot of grain fed into the garner a cubic foot or slightly more air 
would be displaced, but our measurements showed large amounts of air are 
induced with the grain into the garner, at least 4 cubic feet of air for 
every cubic foot of grain. Also we found that if an open vent was left on 
the leg head, which had been the normal practice, additional air was induced, 
raising the ratio from 4:1 to about 8:1. 

Figure 1 also shows the final design, which was simply to cap both leg 
and garner vents and to aspirate an air volume from the garner of about 5 times 
the grain filling rate. Final filtering is carried out on fabric filters using 
16 oz, dacron filter cloth at an air cloth ratio of about 9:1. 

Another design problem encountered was at the scale. The gamer is 
dumped into the scale at a rate of 2000 bushels in one minute or 2500 cubic 
feet per minute. The air displaced is vented back into the garner and replaces 
the grain volume, which causes no additional air discharge from the garner. 
To prevent dust blow-back at the gamer scale interface dacron curtains are 
attached to both the garner and scale. This air tight curtain can however 
allow pressure or vacuum to build up within the scale which affects scale. 
We are required to weigh within 15 lb, per 100,000 lb. and pressure 
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Scale 



Bucket Elevator (Leg) 



FIGURE #1 - GARNER AMD SCALE VENT SYSTEM 

Open Leg Vent 

Open Gamer Vent 



Butterfly Valve Mechanically Linked 
to Gamer Valve 




Scale to Gamer Vent 

Canvas Curtains Attached 
One End Only 



Garner Valve 



Scale Valve 



- PREVIOUS ARRANGEMENT - 




Aspirate 5 Times Gamer Filling Rate 

Air Tight Caps on Garner and Scale 
Vents 



Scale to Gamer Vent 



~ Air Tight Valve Mechanically 
Linked to Gamer Valve 

Air Tight Dacron Curtain 
Attached Both Ends 

Pressure/Vacuum Relief Valve 

- freely open when weighing 

- held closed when dumping garner 



- NEW ARRANGEMENT - 
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changes greater than .005 inches water column can not be tolerated. 

To prevent ar^ pressure buildup vents are installed on 
the scale which are open when grain is weighing and closed when dumping the 
garner into the scale. Attaching ar^ device to the scale poses a difficult 
design problem as the least force will alter the scale readings and we are 
particularly proud of the simplicity of the design finally used. It is a 
counter weighted damper which hangs freely open when the garner valve is 
shut and weighing is taking place and is forced closed by an open garner valve. 

IV PHASE II - FULL DUST CCUTROL 

1 ■ DEFINITION 

After completion of the gamer vents, although we had caused a significant 
decrease in dust discharge, we had to address ourselves to the much more complex 
ar^ costly task of filtering all or at least most of the air being discharged. 

The Control Orders issued by the Air Management Branch limited dust 
discharge from each elevator to an amount that would produce less than 15 
tons per square mile dustfall per month and less than 100 micrograms per 
cubic meter suspended particulate both at our property line. We had a fairly 
accurate picture of conditions within the city and aroiind the elevators 
through several years of air quality readings taken by the Air Management 
Branch. Our calculations (l should really say estimation) was that a total 
reduction in dust emission of about ^0f> would be required to meet these 
standards ■ This led to a decision to filter all air discharge except the 
annex dust control. This slide shows cyclones serving these annex systems 
on our ^ elevator. Our surveys had indicated they accounted for only 2-|^ 
of dust emissions but represented over 10^^ of the cost. Also as you can see 
they are relatively isolated systems and would require individual filter 
systems in any case. Our program has proceeded in this manner with the 



- 133 - 



knowledge that in the final analysis we may be required to filter the air 
from the annexes to meet the standards. 

2. PRELIMINARy IESIC3^ PHASE 

As a preliminary design stage we surveyed all internal dust control 
and grain cleaner systems to define the modifications necessary to bring 
these up to present day standards, and to optimize air consumption. 

Grain cleaners accounted for about 5C^ of our air volume and thus 50?& 
of the costs. In the past the need for aspiration in the grain cleaning 
process had been adequately met by using ample if not excessive voltmies, 
which was acceptable, as extra dust control costs for a larger cyclone and 
duct were small. By carefully analyzing the aspiration process in the 
cleaners the design air volume was cut from 7500 to 5000 CFH in one third 
of the cleaners representing a total saving to Saskatchewan Wheat Pool of 
about 120,000 CfW. Also by carefully analyzing our cleaning needs we found 
that by replacing 30 sieve type cleaners which used 10,000 CFM each, with 
indent cleaners using 5000 CW. each, we could not only save some 150,000 CFM 
but could increase our cleaning capacity. 

We also investigated all areas of dust control within the elevators 
resulting in some noticeable changes in our design, especially for conveyor 
belts and for bins. Figure 2A is a cross section of an elevator showing the workhouse 
bins. Previously the workhouse bins were individually aspirated at a design 
rate of about i+00 CFW per bin. This rate was marginally enough for most 
filling rates, but the systems were unreliable and ineffective. Figure ^ 
shows typical dust control for both the previous and new systems. The system 
is such that at Pool ^ for example, I40 bins are fed from 26 different scale 
or garner discharges, meaning a maximum of 26 bins need be aspirated at once. 
In the original design each bin was aspirated individually, and the system 
was sized to handle only a portion of the bins at once. There was no method 
of selecting bins, and the design relied on lack of air supply in unused bins 
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Top f^AOf 



-- FIGURE 2A- - 

CROSS SECTION Of GRAIN ELEVATOR 
TRACK SHED. WORK HOUSE AND 
STORAGE ANNEX SHOWING DUST 
CONTROL SYSTEM, 



TYPICAL DAY (>U<iT rONTMX SISTfM 




FIGURE ^ - TYPICAL WORKHOUSE BIN DUST CX)NTROL 



Detail Similar "^ 



15,000 cm 



Y Y / ^ 




Individual Duct 
to Each Bin 



Typical - Outside Bin 
Vented to Atmosphere 



- PREVIOUS SYSTEM - 






16,000 C¥K 

A 



Detail 
Similar 



Intervent 
Between 
Bins 



18,000 CF>1 




Individual Aspiration to 

Each Block of Bine 



- NEW SYSTEM - 



to regulate air flows- This doesn't work as many of the ducts quickly 
plug and the system soon became ineffective. 

We now have divided the plants into blocks of bins and use a single 
large duct to aspirate each block with the bins intervented into each other 
to allow air dispersion. This is much more effective and reliable than 
the original system. 

Conveyor belts are one of the chief sources of dust within an elevator. 
Dust is generated at the loader when grain is fed onto the belt, and at the 
head pulley or tripper where grain leaves the belt, plus all along the moving 
belt. 

In the past dust control consisted of aspirated hoods at each loader 
point, an aspirated hood above the head or tripper pulley and an aspirated 
belt wipe at each head and tripper pulley. Our new approach is as shown on 
Figure #3, We first run continuous hooding over exposed portions of the 
belt wherever possible and secondly, install more effective loader hoods 
and head pulley dust control. 

These are a few examples of the work carried out in the preliminary 
design phase, which represented about 2^ of the overall project costs and 
required 6 months to complete in each elevator. The end result was a flow 
diagram of each air system defining flow paths, volumes, and duct sizes. 
Figure #4 shows one of the 30 separate flow systems for our elevator ^. 

3* DESIGN PHASE 

After completion of this preliminary phase defining the flow requirements 
we entered what we termed the design phase where equipment was selected and 
drawings and specifications prepared. I*d like to go into some detail on 
the selection of filters and fans and then to mention briefly the selection 
of auxiliary systems such as compressed air, power supply, controls and 
dust disposal. 
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- SIDE VIEW - 



Top Belt 

Carrying Roll 

— Concentrator 
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Continuous Hood 



\ 



- TOP VIEW - 
Edge of Hood 



Aspiration Rate = 700 to 1300 
CFM (/+2" Belt) 

' BJ Loader or Hood Aspiration 



Belt 
Wipe Aspiration 



@ 




Aspirate Top or Sides of 

Hood-Rate = 720 CFM (/,2" belt) 

across belt Contoured 
Grain Stream 



Discharge Spout 

Enclose for Minimum 
Air Leakage 



Head 
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-Discbarge-Hood- . 

^- ^elt 
Wipe 



- SIDE VIEW - 



Aspiration Rate 550 
CFM (A2" belt) 




M 



- FRONT VIEW - 
(d) -Belt Wipe Aspiration 



FIGURE #^ - CCMVEYOR BELT DUST CONTROL 
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FILTERS 

For each elevator filters were selected on canpetitive tenders based 
on our specifications. We used a reasonably broad specification which 
allowed combinations of filters ranging from an individual filter for each 
fan system to a single filter serving all fan systems. 

There are basically three types of filters allowed by our specifications, 
as indicated on Figure #5- These are: 

Type A - high ratio, cleaned by reversed jets of compressed air, Type B - 
high ratio, cleaned by reverse low pressure air, and Type C - low ratio shaker 
units. Our basic performance criteria is that the pressure drop across the 
filter material is not to exceed 4" of water column after 1 year of operation 
and that filtering efficiency is to exceed 99»9^» 

Our air cloth ratio and filter material requirements are reasonably 
standard but the one additional criteria we specify is a maximum upward 
velocity for bottom inlet type units. Bottom inlets have an important 
economic advantages both in construction and installation costs but we are 
concerned about the re-entrainment problems caused by high upward air 
velocities between the filter bags. 

Upon receipt of tenders we make a detailed analysis of each proposal 
and select all those meeting our requirements. Each of these is compared on 
a total cost basis, including capital cost and future operating costs. Table 
#6 shows a typical analysis. 

There are quite a number of factors to take into account: first the 
bid price which can reflect market conditions as well as construction. 

Secondly, the items shown under associated installation costs are 
comparable costs to install the units and purchase associated systems. 
Significant items to look for here are: 
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Air Inlet 



Compressed Air 

Discharge 
Plenum 



- Filter 
Bags 

Maximum i 
Upward ^ 
Velocity 

Screw 

Conveyor 
"Airlock 
Discharge 

Valve 



Blower for ftererse Air 
^ Clean BigB 




- TYPE A - 
high/ratio - CI£ANED BY REVERSE 
CCMPRESSED AIR 



MAXIMUM AIR CLOTH RATIO 



Discharge 
Plenum 



^ 



Air Inlet 




Rotating 
te verse Air 
Duct 

'Discharge 

Air 

Filter 

Bags 

-Maximum 
Upward 
Velocity 



-Airlock 
Discharge 
Valve 



4^ 1^ {^'^A ^c 



Discharge 



- TYPE B - 
high/ratio - CLEANED BY REVERSE 
LOW PRESSURE AIR 



- Dust loading to 5 gr./ft - 10:1 

- Dust loading to 20 gr.-/ft-^ - 6:1 

- Dust loading to 200 gr./f^ - 4:1 

MAXIMUM UPWARD VELOCITY 
-350 ft./min. 



FILTER MATERIAL 



- polyester needled felt 

- 15 to 17 oz. per sq, yd. weight 

- 20 to 35 CFM per sq. ft. 
permeability at ^* W,C, 

PRESSURE raiOP ACROSS BAGS 



MAXIMUM AIR CLOTH RATIO . 

- Dust loading to 5 gr./ft"^ - 10:1 

- Dust loading to 20 gr./ft-^ - 6:1 

- Dust loading to 2O0 gr./ft^- U:'. 

MAXIMIM UPWARD VELOCITY 
-350 ft/min, 

FILTER MATERIAL 

- polyester needled felt 

- 15 to 17 oz. per sq. yd. weight 

- 20 to 35 era per sq. ft, 
permeability at -^" W.C. 




A A /t'T aiaker 

'I |N|^| lechanlsm 



t t L t k. 



- TYPE C - 

LOW RATIO SHAKER UNIT 



Isolating 
Dampers 



Inlet Air 



PfESSURE DROP ACROSS BAGS 



MAXIMUM AIR CLOTH RATIO 

- All compartments in operation 4:1 

- 1 canpartment shut down 5:1 

- 2 compartments shut down 6:1 

FILTER MATERIAL 

- polyester, woven 

- 7 oz./sq. yd. weight 

- 20 - 30 CFM per sq. ft, permeability -J" W.C 

PRESSURE DROP ACROSS BAGS 

- maximum 4" W.C. After 1 yr. operation 

FILTERING EFFICIHMCY 

- minimum 99,9% 



- maxijmim 4" W.C. after 1 yr, 
operation 



FILTERING EFFICIEMCY 
,- minimum 99 '9% 



- maximum 4" W.C. after 
operation 

FILTERING EFFICIENCY 

- minimum 99<9% 



1 yr, 



FIGURE #5 
TYPES OF FILTERS 



TABLE 4^ 
TYPICAL FILTER TailER ANALYSIS 





TYPE A - CCHPRES5ED AIR CLEANED UNITS 


TYPE C - TYPE B - 
SHAKER T-f¥ PRESSURE 
uagnouse REVER.SK AIR 
CLEANED 




Top Removable Bags 
Walk In Plenum 


INTERNALLY 
REMOVED BACS 




CCMPANY 1 


CCMPANY 2 


CCMPANY 3 1 


CCMPANY 2 


CCMPANY 4 


CCMPANY 4 


CCMPANY 3 


Price Less Freigiit 
Freight 


$ 6A3.403 
^0.175 


$ 826.300 1 $1,017,723 

48.295 ' 3,000 

■ 


$ 716,612 
41,359 


$ 781,775 
39.61? 


$ 797,259 
12.004 


s 971,313 

11.200 


Price As Bid 683,578 


375.095 ' 1,020,723 


758.471 


821,393 


809,263 


982,513 


Additions to Bid to be Equivalent 
Larger Screws & Rotary Valves 
Explosion Vents 
C loth Area Penal ty 


Incl. 
Incl. 


15,000 
Incl. 


Incl. 
Incl. 

21,400 


15,000 
Incl. 


1 

Incl. 

69,155 
37.000 


Incl. 

Est. 45, 000 


Incl. 
Incl. 

26.800 ' 


Subtotal 


683,573 


890,095 


1.0'+2,123 


773.471 


:?27.543 




1.009.313 


Associated Installation Cost: 

Assembly 

Hoi St ing 

E lectrical 

Extra Ductwork 

Transportation System 

Fi re Protection 

Control Devices 

Extra Maint. for Bag Change 

Compressed Ai r 


90,000 
30,000 
26,'iOO 

160,000 

10.000 

180,000 


i 

1 

95.000 ' 75,000 

30,000 ; 30,000 

26,400 , 26,400 
160,000 '. 160,000 

10.000 \ 10,000 
165,000 ' 140,000 


80,000 
30,000 
26,400 

160,000 

10.000 

25,000 

165,000 


65,000 

30,000' 

26,400 

160,000 

! - i 

10,000' 
25,000 
' 130,000 


1 
1 

220.000 , 
Incl . 

31,630 
160,000 
50,000 
93,900 
75,000 


15,000 
30.000 1 

82,080 ; 

1 

160,000 
i 

10,000 ' 

25,000 ; 


Subtotal ; 1.179,978 
Escalation ■ 


1,376,495 ; 1.483,523 


1,269.871 ' 1,373,948 


1,484.843 


1,331,393 


Total Capital Cost * 1,179,973 


1,376,495 : 1.483.523 


1,269,871 1,373,948 


1,484,843 


1,331,393 


Power Penal ity { 212,500 


170,000 j 127,500 


170,000 85,000 





494.700 


TOTAL COMPARABLE COST 


$1,392,^*73 


$1,546,495 


$1 ,611 ,02^ 


•^1 ,439,871 \ SI ,458, 94R 


$1,484,843 


$1,326,093 


Price as Bid Cost Difference 





$ 206.517 


$ 337,145 


$ 74,893 


$ 206,970 


$ 170.685 


$ 298,935 


Total Comparable Cost Difference 


f^ 


5 15^,039 


5 213,545 


$ 47,393 


$ 6G,47C 


1$ 92.365 


$ 433,615 

u 



1 - assembly and hoisting to hard to reach areas is expensive and 
costs will vary considerably depending on the form in which a 
MDxt is shipped from the factory 

i - units in the Type C category each have an individual fan which 
purges the filter cloth. Costs to electrically connect these 
fans are high compared to Type A and Type B 

J - costs of ductwork are significantly higher when utilizing a 

large central unit with long duct runs versus locating smaller 
individual units near the dust sources 

^ - cost of dust transportation systems to remove dust from the filter 
are significant. It is costlier to collect dust from a larger 
number of individual units than from one central unit. 

5 - fires are not uncommon in filters. They are usually confined to 

one filter and cause it to be out of service for an extended period. 
Where the complete plant is dependant on a single filter 
sophisticated fire protection is good insurance. This price is 
included for the single shaker baghouse only. 

"$ - Type A filters require a reliable and expensive ccxnpressed air 
system 

These factors plus any escalation specified in the tender provide a 
cOTiparable capital cost. We then assess the operating costs; First there 
is a significant difference in the power to run the cleaner system. The 
shaker type unit uses essentially no power, the ccmpressor units with a 
Type A system consume an average of 240 horse power and the fans used on 
Type B units consume 5^0 horse power. We estimate the present value of 
15 years energy consumption to be $885 and this is the value used in our 
analysis. We also analyze units for additional operating costs which 
includes such items as cost to change filter socks and compressor maintenance 
cost. The final comparable cost provides a figure on which we base our 
selection, and unless these are close, say within 5^? the lowest cost units 
will be chosen. 

At 7^ we selected a 7 compartment shaker baghouse supplied by Carborundum 
Environmental Systems. These slides showit partially assembled on site. 
The unit is particularly well suited to the location because all existing 
dust control systems terminate in the immediate area and duct runs are short. 
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Also, the existing building had the structural capacity to carry the load 
without major modifications, a condition which has proven uncommon in other 
elevators • 

Figure #6 shows a schematic of the filter. There are 25 fan systems 
feeding 750,000 CWl of air into a common inlet plenum. This plenum feeds 
any or all of the 7 compartments each of which has 528 bags , 8" diameter 
X 22' long constructed of 7 oz, polyester* The imit normally operates at 
an air cloth ratio of 4s 1 and will operate satisfactorily at a ratio of 5:1 
with one compartment shut down and at a 6:1 ratio with two compartments 
shut down. 

As a precaution against major fire damage there is an isolation wall 
between each compartment and an open space betwen ccanpartments #3 ^r^d #4- 
During operation there is always complete isolation in the plenum between 
the two sides of the baghouse. Fan systems #5f #17 and #4 totalling about 
100,000 CFW enter the plenum between the two baghouse sections and by means 
of electrically operated dampers can be diverted to either side. This 
floater volume allows the air cloth ratio to be equalized on either side 
of the baghouse. 

The filter systems selected at our #14 elevator are shown on this 
slide. Based on the analysis of tenders we chose continuous high ratio 
units cleaned by reverse jets of compressed air, as supplied by Ducon 
Kikropul Limited. These slides show a battery of -individual units each 
serving an individual fan system. There are 14 units with a total volume 
of 310,000 CFM. Figure ^ shows a typical unit. All have 4|'' diameter 10' 
long filter bags constructed of l6 oz, dacron. One significant feature is 
the top removeable plenum vrfiich allows filter bags to be removed from the 
clean side of the urJ.t. This full height walk in plentim allows inspection 
and bag changing while the unit is in operation if necessary. 
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FIGURE #6 

SEVEN COMPARTMENT SHAKER 
BAGHOUSE - ELEVATOR m 

- SCHEMATIC FLOW - 
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From evaluations on seven different installations we found the criteria 
on figure M apply to the filter selection. 
FANS The selection of fans is important and requires considerable evaluation. 
This selection affects not only the direct purchase and installation costs 
but has an important bearing on power consumption, ductwork costs and filter 
costs* Figure ^ indicates the various fan systems considered. 

System A utilizes an induced draft fan on the clean side of the filter 
and since the dust does not pass over the fan blades an efficient blade 
shape can be used; generally a backward curved or in some cases an airfoil 
shape. The airfoil is susceptible to abrasion damage if dust should leak 
through the filter and we hesitate to use it in most cases. Another point 
to consider is that the open fan discharges on this system are noisy and in 
some locations silencers may be required. 

System B utilizes a forced draft fan on the dirty side of the filter. 
Since dusty air comes into contact with the fan blades a more rugged blade 
design is used to prevent abrasion and to prevent dust from adhering to the blade. 
Normally a radial tip blade is used and in some cases of high dust loading 
or very high pressure requirements straight radial blades are used. 

In both systems A and B we limit motor size to 200 horse power, which 
may necessitate using multiple fans on larger systems. In system C more 
than one fan is fed into a common filter. This may be required due to fan 
size limitations, required system flexibility or the economics of a single 
filter. The fans must be located on the dirty side to achieve proper control 
and selection is therefore similar to system B except isolation dampers are 
located on each fan discharge to prevent blowback. 

Figure #10 shows a comparison we made of different fans systems for one 
of our elevators, and also takes into account the effect of using individual 
filter units or larger units with multiple inlets. It is significant that 
by incorrect system selection as much as $20,000 or nearly 40^ of the best 
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FIGURE #8 
FILTER SELECTION CRITERIA 

A» Filter Type A - high ratio - cleaned by reversed jet of compressed air 

- Satisfactory for all applications but must have a reliable source 
of clean dry air 

- Compressed air costs for smaller systems with total capacity xinder 
200,000 CFW are relatively high 

- Economical to use separate units located near dust loads where loads 
are at diverse points 

M II H n nJTHVlVlii'H M'H R'H'II n hh ah'h n nn n r nnn nn^nnfiJiM^^^nAnnFff h n ^ ^ n n k n ^ n ^ n n^ n ^ n n n ^ r\ r\ r% ^ 

B. Filter Type B - high ratio - cleaned by reverse flow of low pressure air 

- Cost for electrical connection high and power consumption is high. 
On installations with less than 200,000 CFM this may be offset 

by the compressed air costs on Type A units, 

- Economical to use separate units located near dust loads where 
loads at are diverse points 

W U V \I V MM.WMWiJ W *JW jJ-M WWW. -W MU^JMMMWMMMtJ MU V \f %J Xl \J X/ %i \J %J \f \M -kJ \J \J *J V \M W_WVV.WM.M.W.IfM WWHW^'^JfW^M M 

TT H fl H K Ti Ti n K K H Tf n 'K K 'H n'K 'K ft ^TKAAJi AA^HHK AM AJl AAK A R n n n n A R n, n n n ^^71 R ^ ri ^V^^^K AnnXAAM^^^ ^^^ 

G. Filter Type C - shaker type units 

- Economical on systems with over 400,000 CM 

- Lowest power consumption 

- Ductwork is costly if air must be gathered from distant 
point s 

- Requires large space and substantial foundations 

wwww WW. WW \j \j ww.wu WW \j v M \j \t it.M. \t wwwww.W-WW uww \/wwvuww uww_M_ w^w Www jf .y._M._W. tiwww wwwwwwww u y If 
■R"^ B R n R n n R n n 7i"n ^ n R n n n n R n n t^^ ^nKKnK^nT^n n'H ft 'K n n R n n n n n n ft nnA -rt T\-r\-r% n ^ n ^ t^tv n p. p. p. n ^ n r\ t^ 
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Filter 



-Open Air 
Discharge 




Air Inlet 



to Filter 
TYPE A - INDUCED DRAFT 




Pre-spin 
Inlet Damper 




ADVANTA(3:S 

- high efficiency (maximum 80^) 

- lowest purchase price 

- lowest maintenance cost 

DISAPyANTACaS 

- hi^ noise level at discharge and 
may require silencer which consumes 
power 

- higher duct cost 

- inflexible 



Discharge 
Evase' 




Pre-spin Inlet Damper 
Inlet 



TYPE B - FORCED DRAFT 



AD^ANTACSS 




FUter 



Isolation 

Damper 
— Air Discharge 

V-belt 
Drive 



nJ 



Motor 




Fan #1 
TYPE C 



Pre-spin 
Inlet Damper 
" Air Inlet ^^ ^ 

MULTIPLE FORCED DRAFT 



- More flexible as total h.p, not 
limited and individual fans 
can be shut off 

DISADVANTAGES 

- less efficient (Maximum 68^) 

- larger (slow speed) imits 



FIGURE ^ FAN CCMPARISON 



FIGURE #10 - ALTERNATE FAN AND FILTER SYSTEMS FCR SYSTEM #1 - 12000 CFM AND SYSTEM #2 - 18000 CFM 



ALTEBNATE 



ITEM / COST 



Filter Cost 

Filter Install. 

Fan Cost 

Motor Cost 

Fan and Motor 
Installation 

Structural 

Additional Duct 

Fan Volume 
Control 

Silencer 



Comparable 
Capital Cost 

HP Penalty 
e $885 

Total 
Comparable Cost 

BHP @ 70°F 
(Horsepower) 




price could have been wasted. 

Most of our fans are equipped vdth automatically controlled pre-spin 
inlet dampers. These have two functions, firstly to automatically adjust 
the fan volume to compensate for changes in filter back-pressure or in air 
demand, and secondly by using a prespin type damper a considerable power 
saving is achieved over a throttling damper. This concept is a significant 
change in our design philosophy in response to increases in power costs 
and the need for more accurate control. 

The selection of filters and fans are the major decisions to be made 
before the equipment arrangement can be finalized and drawings and 
specifications produced for construction. During the design process we 
also select equipment and design several major auxiliary systems. 

CCMFRESSED AIR SYSTEM 

A reliable compressed air system is crucial to the satisfactory 
operations of the filters using this mode of cleaning. The schematic on 
Figure #11 shows the compressed air flow at elevator #14* We required an 
average of 435 CFM to run the filters and installed 2 - /,25 cfm rotary 
screw compressors in order to have a 100^5 standby capacity. The system 
includes a 900 CFM regenerative dryer and compressed air filtering system. 
All compressed air equipment is housed in a building with a temperature 
controlled environment, and which provides a filtered air supply for the 
aftercoolers and compressed air intake, 

POWER SUPPLY 

We also had major additions to make to our power supply systems at 
all elevators. The new dust control systems add about 12,000 KW demand 
which will double our total electrical loads. This has required adding 
three complete substation complexes plus upgrading a fourth, 

SYSTEM CONTROL 

The filter systems will all be controlled from central panels located 
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FIGURE #11 CCMPRESSED 

AIR SCHEMATIC ELEVATOR #14 
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Compressor #1 
435 sera @ 115 psig 
100 h.p. 



Compressor #2 
435 SCPM @ 115 psig 
100 h.p. 
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temperature 
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Air Dryer 
Afterfilter 



Regenerative Air 
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40^ pressure dewpoint 



Air Dryer 
Prefilter 
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in the elevator control centers. This slide shows a panel at elevator #14. 
Central control is important to eliminate delays in starting, provide 
continuous status indication and to insure that maximum advantages is taken 
of every opportunity to shut off systems and conserve power. 

DUST HANDUHG 

Another integral part of the system is the dust handling and disposal 
system. All dust is eventually manufactured into pellets at pelleting 
facilities located at our Wl and #15 elevators. From the fitering system 
the dust is conveyed either mechanically or pneumatically to storage bins. 
At elevator #7 and #14 this dust is fed into a large pneumatic system and 
conveyed at a rate of 5 tons per hour to the pelleting plant 1200 ft, away. 
At elevators #4 and #6 dust is mixed with refuse screenings and hauled in 
specially designed trucks to the pellet plants, 

V COSTS 

Table #7 gives a summary of costs as we expect them to be upon 
completion of the program. Other than their sheer magnitude, it is 
important to note how high costs are for items in the auxiliary categories 
other than for major equipment and not taking these into proper account at the 
beginning of a program can be a major planning mistake, 

VI RESULTS 



The major results of our program can be summarized as follows; 

1. There will be a major improvement in working conditions within the terminal, 

2, There will be a reduction of more than 90^ in the amount of dust 
discharged. There will be corresponding increases in air quality in 
adjacent areas of the city, 

3« Saskatchewan Wheat Pool will have spent $17 million on dust control 
and an additional $1,5 million on demolition. 

4. Power requirements at our elevators will increase by 12,000 KW which 
will double our present load. 
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TABLE m 

COST SUMMARY OF IXJST CONTROL PROGRAM 
FOR 

ALL SASKATCHEWAN WHEAT POOL THUNDER BAY ELEVATORS 

*WMW^^tfVWM w tf V V .V U V ¥ii.M.-W. ^ -*'- " ^- -M- -W ** ^ ^ ,U, V V V. M. W -V M V V V V. -** .W- V M. " ^ " " v 



( 1 ) DUST COLLECTOR AREA 

1.1 Filters, Supply and Installation $ 3,178,000 

1.2 Fans, Supply and Installation 1,0/^6,000 

1.3 Motors, Supply and Installation 404t000 

1.4 Structural Supports 877,000 

1.5 Compressed Air Systems 695,000 

1.6 Dust Handling Systems 560,000 

1.7 Ductwork 2,385,000 

1.8 Substation, Supply and Construction 1,039,000 

1.9 Electrical Supply and Installation 1,447.000 

$11,631,000 

(2) IN HOUSE DUST CCWTROL IMPROVEMENTS $ 3,014,000 

(3) ENGINEERING $ 1,515,000 

(4) MISCELLANEOUS $ 610,000 

(5) POLLUTION ABATEMENT INCENTIVE ACT GRANT $ (-466,000) 

(6) SCALE AND GARNER VENT DUST CONTROL SYSTEMS $ 524,000 

(7) DEMOLITION OF OLDER ELEVATORS $ 1,500,000 



**-M^*****»»-)Hfr»-)Hf**»*** ) ( ) <j(- MK *'?< )( **) ( >Hfr-)( X*»K **»»»* 



$18,328,000 
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DISCHARGE OF HEAVY METALS TO MUNICIPAL SEWERS 
"THE CRUNCH MAY COME" 



Sludge from municipal sewage treatment plants has historically 
been disposed of by the least expensive method available. For 
the majority of municipalities in Ontario, this has been by 
spreading of sludge on land, frequently with little regard for 
the environment. With the increasing emphasis on recycle, reuse 
and reclamation, and the increasing cost of commercial fertilizers, 
there is a growing tendency towards utilization of sludge on agri- 
cultural lands rather than disposal, and in an environmentally 
acceptable manner. Should the heavy metal content of the sludge 
be too high in the future, however, municipalities will have to 
find an alternate and perhaps more costly and less socially ac- 
captable method of disposal. Since unusually high levels of 
metals in municipal sewage can generally be traced to an indus- 
trial source, industries may well be forced to reduce the levels 
of metals discharged to municipal sewers. This may be accomplished 
through improved housekeeping, by better use and reuse of raw mate- 
rials and waste products, or by pretreatment of industrial effluents 
for metal reduction prior to discharge. 
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DISCHARGE OF HEAVY METALS TO MUNICIPAL SEWERS 
"THE CRUNCH MAY COME" 
By: 
S.A. Black 

Municipal wastewaters contain a wide variety of iieavy metals 
at varying concentrations. Although high levels of any one or more 
heavy metals In a wastewater generally indicates industrial inputs, 
domestic sewage itself contains significant amounts of several metals. 
Metal contaminants may be picked up from water pipes, tanks, various 
toilet preparations, food washings, etc., and from human excreta itself. 
For example, an adult will normally excrete everyday about I mg iron, 2 
to 3 mg copper, 0.2 to 2 mg nickel, 10 to 15 mg zinc and I to 2 mg 
arsenic, 

Even though the amounts of a metal in the sewage may seem 
small and perhaps Insignificant, sewage treatment processes tend to concen- 
trate the metals in the sludge. A normal domestic sewage may contain about 
0.5 mg/l zinc and 0.1 mg/ I copper. After digestion, however, the sludge 
may well contain up to 2000 mg zinc/kg dry solids and 300 mg copper/kg 
dry solids. Domestic sewage sludge will, therefore. Invariably contain 
significant quantities of heavy metals while most municipal wastewaters 
contain industrial discharges to further augment the heavy metal content 
of the sludge. 

If sewage sludges are applied to agricultural lands, contamination 
of the soils by heavy metals may result, adversely affecting the quality and 
quantity of the crop produced. 

This paper discusses the implication of heavy metals contained in 
municipal wastewaters in relation to the treatment process, the sludge 
produced and the utilization and disposal of that sludge. The paper then 
discusses alternate means of reducing the heavy metal content of the sludge 
and the implications these means may have on industries. 
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Heavy Metal Concentrations In Municipal Wastewaters 

Heavy metals in sewage treatment systems are of concern not 
only because their discharge into watercourses is detrimental to the 
environment (I), but also because they can reduce the efficiency of 
aerobic sewage treatment and anaerobic digestion of sewage sludges (2,3, 
4,5) and affect the ultimate disposal of the sludge. 

Metal concentrations in raw sewage are generally much higher 
at sewage treatment plants receiving industrial wastes than at plants 
receiving purely domestic sewage. Although there is a general Increase 
in levels of most metals with industrial Input, dramatic increases in 
specific metals are invariably traceable to specific Industrial inputs. 

01 iver and Cosgrove (6,7*) reported on the concentrations of 
heavy metals in the raw sewage feed to 10 municipal sewage treatment 
plants in Ontario. Table I summarizes the findings. In general, the 
metal concentrations were much higher at plants receiving industrial 
wastes (i.e. Oakville) than at plants receiving only domestic sewage 
(i.e. Burlington's Elizabeth Gardens Plant). 

Heavy metals enter the wastewater stream in both the dissolved 
state and in the Insoluble form. It Is primarily the soluble metal ion 
that causes interference with the biological processes In the sewage 
treatment plant, but fortunately, by the time the sewage reaches the 
plant, most of the metals are present In Insoluble forms. 

The Interactions between the heavy metals and municipal sewage 
dictate the form in which Individual metals enter the plant. At the normally 
neutral pH range of sewage, dissolved metals tend to be precipitated in the 
sewer by Interaction with the sewage primarily through the formation of 
hydroxides. Since It is mainly the soluble metal ion which causes interference 

* This paper has drawn heavily upon these works of Oliver and Cosgrove since 
they are based upon studies at Ontario plants. Simitar data and relation- 
ships have, however, been reported by others (8,9,10). 
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TABLE I 

CONCENTRATIONS OF VARIOUS HEAVY METALS FROM 10 ONTARIO MUNICIPALITIES 



Mun ic ipal i ty 


Cd 


Cr 


Cu 


Ni 


Pb 


2n 


(Plant) 














Oakvi 1 le 


0.006 


0.29 


0.31 


0.33 


0.25 


2.40 


Clarkson 


0.02 


0.14 


0.26 


0.08 


0.37 


0.54 


Oshawa 


0.008 


0.29 


0.09 


0.80 


0.31 


1 . 13 


Aurora 


0.0! 


1 .59 


0.06 


0. 10 


0. 19 


0. 19 


Woodstock 


0.04 


0.09 


0.55 


0. 10 


1 .1 


1 .01 


Ingersol 1 


•tO.OI 


0.07 


0.15 


0.06 


<0.05 


0.54 


London 
(Vauxhal 1) 


0.02 


1 .4 


1 .20 


1 .8 


0.05 


0.8 


Dundas 


<0.0I 


0.02 


0.1 1 


0.06 


<0.05 


0. 14 


Burl Ington 














(El izabeth 


<0.0I 


0.04 


0. 10 


0.04 


<0.05 


0. 1 1 


Gardens) 














Bur! ington 
( Skyway) 


<0.0I 


0.26 


0.30 


0.05 


0. 15 


0.74 



Note : All units in mg/ I 
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with biological processes, any precipitation of the metal which occurs 
will correspondingly reduce the severity of interference and process 
inhibition. The fact that high concentrations of Cu, Ni, Zn and Cr as 
well as frequently other metals are invariably found in sewage sludges 
makes it evident that precipitation occurs at some stage within the 
purification process. In the conventional activated sludge process, 
precipitation and settling out of a varying portion of the metals occurs 
within the primary clarifier. A portion of the metals escaping through 
the primary clarifier is removed within the waste activated sludge of 
the secondary process. This is probably related to a number of factors 
including precipitation by, and adsorption onto, the biological floe, 

Oliver and Cosgrove C7) determined the percentage removal of 
various heavy metals within the primary and secondary stages of the 
conventional activated sludge process. Table 2 presents a summary of 
their results indicating a rather variable removal for different metals. 
The higher percentage of removal generally occurred within the primary 
clarifier. In the overall process, 9355 of the lead was removed while 
only I6;£ of the nlcl^el was removed. 

It would appear that removal of a particular heavy metal within 
the primary clarifier is highly dependent upon the form in which it enters 
the plant. 

Table 3 presents a summary of Oliver and Cosgrove's (7) data on 
the phase distribution of metals in raw sewage. Here it may be noted that 
61% of the nickel entering the plant studied was in the soluble form, whereas 
only 5.2* of the lead was soluble. This relationship undoubtedly plays an 
important role in the different primary clarifier percentage removals seen 
in Ta b I e 2 . 
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TABLE 2 
THE METAL REMOVAL EFFICIENCY OF A CONVENTIONAL 
ACTIVATED SLUDGE TREATMENT PLANT 



Metal 




Pe 


rcentage 


Remova 1 








by 
Primary 




by 
Seconda 


try 


by Overa 1 1 
Process 


Cadmium 


60 




50 






80 


Chromium 


55 




54 






79 


Copper 


53 




m 






73 


Lead 


66 




19 






93 


Nickel 


15 




1 






16 


Zinc 


54 




^ 






11 
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TABLE 3 
DISTRIBUTION OF HEAVY METALS IN RAW SEWAGE 



Meta 



Total 
Range mg/l 



Averaqe Percent Distribution 



Sol ubie 



n so I u b I e 



Cadmium 
Chromium 
Copper 
Lead 
N i c ke I 
Zi nc 



0.006-0.04 
. 02 -1.4 
0.06 -I .2 
-10.05 -I .1 
^0.05 -I .8 
0.1 I -2.4 



17 

6.8 
38 

5.2 
67 
24 



83 
95.2 

62 

94.8 

33 

76 
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The removal of dissolved metals in municipal treatment systems 
can be considerably enhanced by additional chemical treatment. Several 
Investigators have investigated the effect of chemical precipitants on 
the removal of metals from sewage (11,12,13,14,15,16). The treatment 
that is being applied to the majority of municipal treatment plants in 
Ontario for phosphorus removal represents this type of additional 
chemical treatment, thereby precipitating out higher concentrations of 
heavy metals. This reduces the metal discharge in the plant effluent 
but compounds the problems caused by the concentrations of metals in 
the sludge. 

Experience to date in Ontario (MOE Project Operations Records) 
is that chemical addition for phosphorus removal does enhance the removal 
of heavy metals in municipal sewage treatment plants but this Is reflected 
in increased levels of metals in the sludges of such systems. In Ontario, 
the predominant prime coagulants used for phosphorus removal are aluminum 
and iron. Much of the iron used Is In the form of ferric or ferrous 
sulphate or chloride from reclaimed waste pickle liquor. When considering 
the impact of these chemicals on heavy metal removal, one must not overlook 
the potential heavy metal content of these materials. Table 4 presents a 
list of the heavy metal content of some of the phosphorus removal materials 
available in Ontario. Some of these can add considerably to the heavy metal 
content of the sludge. 

Generally, the concern over heavy metal discharges to municipal 
sewers has been related to the effects of those heavy metals on the sewage 
treatment plant processes and the implications of metal discharges In the 
effluent. In this respect, the model sewer use bylaw prepared jointly by 
the Ministry of the Environment and the Municipal Engineers Association (17), 
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TABLE 4 
HEAVY METAL CONTENT OF COMMERCIALLY AVAILABLE 
PHOSPHORUS REMOVAL CHEMICALS 
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51 
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29 


4.6 
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Alum 

(A) <,l I.O -tl 0.5 -i 1 

(B) 0.68 47 0.75 1.2 0.8 2.2 
CC3 0.15 0.2 t.O 0.06 1.0 2.5 

L ime 

(A) 0.2 0.6 3 3 I 25 
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limits the discharge to the municipal sewer of most metals to 5 mg/l, 
"since this is considered to be the minimum practical level to require 
industry to meet on a continuous basis". These limits following initial 
dilution with the sewage, are also generally below the levels considered 
to be toxic to sewage treatment biological processes. 

Consideration must now also be made of the effect of these 
heavy metal discharges on the composition of the sewage sludge and how 
this relates to their disposal. 

Sludge Disposal in Ontario 

With a population of some 8 million people, Ontario has a total 
of some 360 sewage treatment plants of which 230 are mechanical, primary 
and secondary plants, the remainder being lagoons. Of the mechanical 
plants, 1\% provide for secondary treatment, A total of some 860 million 
gallons of sewage is processed everyday. 

If one assumes that sludge production from sewage treatment Is 
equivalent to 0.55C of the total flow, then approximately 4.3 million 
gallons of sludge ranging from 2 to 9% solids are produced per day In 
Ontario and must be suitably disposed of. 

Present sludge disposal practices in Ontario Include incineration, 
disposal onto farmers' fields, lagooning, dumping into sanitary landfills 
and dewatering and stockpiling for home garden usage. Metro Toronto, 
Hamilton and London each have Incinerators and between them incinerate 
approximately 41$ of the sludge produced In Ontario. Of the remainder, 
about 70$ is disposed of onto farmers' fields, 20$ into sanitary landfills 
and 10? by other means. 
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Because of their relatively small scale, for the majority of 
the sewage treatment plants In Ontario, land application has proven to 
be the most satisfactory solution to the sludge disposal problem. 

Keeping In step with the overall concept of reuse, recycling 
and waste reclamation, the Ontario Ministry of the Environment is now 
recommending that wherever possible, sludge be utilized on agricultural 
lands for Its soil amendment and fertilizing properties. 

To this end, this Ministry Is working with other governmental 
agencies through an Interministerial Committee to prepare guidelines and 
regulations covering the land application of sludge so that the practice 
may be continued such that maximum benefit from the sludge may be realized 
with minimum adverse effect on the environment. One of the major concerns 
in the development of these guidelines and regulations is the possible long- 
term effects of heavy metals applied to soils In sewage sludge. 

Heavy metals in Relation to Land Utilization of Sewage Sludge 

Although many of the heavy metals contained in sewage sludges are 
considered to be essential for plant growth and animal nutrition, there is 
often a narrow margin of concentration between when an element is a nutrient 
and when It becomes a toxicant. It Is recognized that metals such as copper, 
molybdenum and zinc are required by plants and animals, and cobalt and 
selenium are essential for animal nutrition. Copper, cadmium, nickel and 
zinc have caused toxicities in plants. Cadmium, chromium, mercury, molybdenum 
and nickel have been found toxic to animals (18). To make things more 
comp I icated, the I eve Is in sol I s at which toxic i ties occur will vary from 
soil to soil and have not as yet been accurately established; the amount of 
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metals taken up by plants will vary from specie to specie; climate 
during the growing season will affect the uptake of metals by any 
given plant specie, 

Metals applied in sewage sludge have caused phytotoxicity 
at several sites In the United Kingdom (19), In Germany (20,21) and 
in France (20). Various authors have reported toxic effects of 
specific metals contained in sewage sludge In field and greenhouse 
studies. 

Metals leach very slowly from soils, and field crops have 
been shown to remove less than 0.3 pounds per acre per year of any of 
the toxic metals. Once metals are In the soil, there Is little hope 
of getting them out. Thus, the logical approach is to ensure that 
metal levels in soils are never allowed to build up to hazardous concen- 
trations. Such is the course of action taken In the preparation of the 
gu idel Ines, 

Sewage sludges with high metal content are unsuitable for 
use In agriculture, while those with low metal content are an excellent 
source of plant nutrients. Since sewage sludge application rates are 
based on plant available nitrogen, acceptable metal concentrations should 
also be related to nitrogen. Thus, acceptability of sewage sludges for 
use In agriculture are being based on the ratio of ammonium nitrogen to 
metal concentrations in the sewage sludge. Metals currently considered 
In the guidelines are: Arsenic, Cadmium, Cobalt, Chromium, Copper, Mercury, 
Molybdenum, Nickel, Lead, Selenium and Zinc. 

If a sewage sludge containing too high a concentration of one or 
more metals is to be used on agricultural lands, some means of reducing 
that metal concentration must be effected. If metal concentrations of 
the sludge cannot be reduced, an alternate means of disposal must be found. 
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options Available for Sludge Disposal 

If a particular sewage sludge is unsuitable for utilization 
on agricultural lands, there are several options available to the 
municipality for its ultimate disposal. These options involve either 
finding an alternate means of disposal or making the sludge acceptable 
for iand application. 

Alternate Means of Disposal 

Sanitary Landf ill : Disposal of sewage sludge into a sanitary land- 
fill is perhaps the most attractive alternate to a municipality for the 
disposal of sludge. Almost every municipality within the province has 
a landfill site used for the disposal of garbage and refuse and one 
might well assume that it would be suitable for sludge. 

Such is not always the case. All sanitary landfills have the 
potential of contaminating groundwater and many of contaminating surface 
waters. Stabilized sludge for landfill disposal should be sufficiently 
dewatered to minimize the quantity of free water present, A sanitary 
landfill must be managed so that wastes are systematically deposited 
and covered with earth to control environmental impacts within defined 
limits. This distinguishes a sanitary landfill from an uncontrolled 
dumping operation, Leachate and runoff from a sanitary landfill should 
be minimized, and when necessary, collected and suitably treated to prevent 
pollution of ground and surface waters, 

I ncineration : incineration of sludges Is another alternative to 
sludge application to farmland but for economic reasons, it is suitable 
for only the larger urbanized areas with populations of 200,000 people or 
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more. Although incineration results in a highly concentrated ash which 
must be suitably disposed of, It is a relatively small proportion of the 
material handled and is generally suitable for landfill disposal. Although 
there has been concern over air emissions from incineration of sewage 
sludges, recent studies by this Ministry and the Environmental Protection 
Service (in press) have shown that little metal and negligible phosphorus 
is lost from the system through air emission as long as adequate scrubbing 
is provided. 

Municipally Owned Sludge Disposal Site : Another alternative available 
to the municipality involves the purchase of land to be used purely as a 
disposal site for sludge. Such is the practice adopted by Chicago, Illinois 
and Denver, Colorado. In both cases, the municipalities have purchased land 
which is used basically for sludge disposal. In the case of Chicago, the 
sludge is barged some 120 miles and then piped an additional 30 to 40 miles 
to old surface strip mine areas. Sludge Is applied by various means to 
reclaimed land where corn Is grown. Although In both cases some soli and 
crop analyses are performed, there is no way to predict what would happen If 
the land at some future point in time were to be used for growing other crops 
such as soybeans or tomatoes which are considerably more susceptible to high 
soil metal levels than is corn. Thus, the land is virtually committed to 
si udge dl sposal . 

In Ontario, where there is considerable concern over preserving 
our agricultural lands, this does not seem to be an acceptable alternative. 
!n addition, the municipality places itself into direct competition with 
local farmers which can only result In social problems. 
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Heavy Metal Reduction in Sewage Sludge 

There are two obvious alternatives for reducing the heavy 
metal content of sewage sludge; one being the precipitation and 
recovery of the metals from the sewage or sludge, the other being the 
reduction in the amount of heavy metals discharged to the sewer. 

Metal Removal from Sludge - Several recent attempts have been made 
at recovering the heavy metals from sewage sludges (22,23,24,25), Oliver 
and Carey (23) demonstrated that Cadmium, Copper, Nickel and Zinc solubil- 
ized from wet sludge with H„SO. or HCI could be electroplated using fluid- 
ized bed electrodes. As the cost of the acid alone would be more than 
double current sludge disposal costs, however, it was concluded that 
little benefit would be attained from the recovery of trace metals from 
sludge because of high processing costs. 

Scott and Marling (24) investigated the extraction and recovery 
of phosphorus and iron, together with a few other metals from the sludge 
and filter cake of the North Toronto Sewage Treatment Plant, The removal 
of metals was effected by digestion with sulfuric add and a cursory study 
of the recovery of iron and phosphorus from the acid leachate performed. 
Costs of the procedure were in the order of $30 to $35 per million gallons 
of sewage Influent and thus it was also considered impractical at this time. 
Metal Reduction at Source - The other alternative for reducing the metal 
content of sludge involves reducing the metal input to the sewer at its 
source. This Is the alternative which will have direct Impact upon the 
local Industries, but which would appear to be the most logical and acceptable 
alternative to the municipality. 
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As mentioned earlier, high concentrations of heavy metals In 
municipal sewage can generally be traced back to one or more industrial 
source. In the case of a smal I municipal ity with one or two major 
industries. It is generally not a problem to identify the source of 
metal contamination. Oliver and Cosgrove C7) for instance determined 
that the high concentrations of Chromium in the Aurora sewage came from 
the local Tannery, while the high concentrations of Zinc in Oakville 
sewage were attributable to a radiator manufacturing operation. Taking 
the other extreme of a large municipality with a high diversified 
industrial community, the sources of industrial metal contamination may 
not be so well defined. Klein et al (10) determined that the percentage 
contribution of heavy metals to the wastewater In New York City from 
electroplating and photoengraving is minor, except for Nickel, The 
major metal loadings seem to come from the other Industries, domestic 
sewage and stormwater. Table 5 presents some of the data from the New 
York City study. As can be seen, the Electroplating and Photoengraving 
industries contributed less than 20^ of the sewer loadings of Cu , Cr, 
Zn and Cd in each case, less than the residential contribution. The 
major contribution of these metals was attributed to other industries, 
urban stormwater and unknown sources. 

From the above, one could assume that in a major metropolitan 
area such as Metro Toronto, It would be quite difficult to make a major 
reduction in all metals entering the sewerage system, because of the 
diverse sources. In most other municipalities, however, metal sources 
are generally more easily defined and controllable. 
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TABLE 5 
HEAVY r/ETAL LOADINGS IN ^EW YCRK CITY WASTEWATER 
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The City of Windsor (personal communication) presents a good 
example of what can be achieved in a relatively industrialized municipality 
in Ontario through source control of heavy metal discharges. In 1974, the 
City amended its sewer use bylaw to bring it up to the standards of the 
model sewer use bylaw and provided appropriate and necessary enforcement. 
Table 6 presents loading values of various metals from the electroplating 
industries prior to and following the enactment and also recent total 
sewage load ings. 

As seen in this table, the metal loadings from the electroplating 
industries were reduced drastically through the enforcement of a not overly 
restrictive bylaw. Whereas this sludge would not have come near meeting 
the sewage sludge application guidelines in 1969, the raw sewage metal 
levels are now down to a level where land application would be acceptable. 
Unfortunately, the chemical now being used for phosphorus removal contributes 
more of the heavy metals to the sludge than do the electroplating industries 
and in addition the sludge is not digested, in conflict with the guidelines. 

It is reported that this reduction in metals was effected at 
little expense to the industries, but was accomplished through better house- 
keeping, minor process changes and elimination of the cyanide process. In 
some instances, the industries have financially profited from the bylaw through 
higher recovery of raw materials. 

In the later I960's and early I970's, the Waterloo sewage treat- 
ment plant was being frequently upset by high concentrations of metals in 
the raw sewage. Therefore, they too revised their sewer use bylaw in 1975 
to come Into line with the model bylaw and stricter enforcement was carried 
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TABLE 6 

METAL LOADINGS TO THE WINDSOR SEWER SYSTEM 

FROM ELECTROPLATING INDUSTRIES 



Metal 



Load i nq to Sewer 



Note: AH units fn I bs/day 



Total Load at Plant 







1969 




1976 




1976 


Copper 




1 1 




5 




8 


Chromium 




150 




8 




8.S 


Cyanide 


(HCn) 


26 


neg 


1 ig ibie 


neg 


[1 igi ble 


Nickel 




41 




8 




12 


Zinc 




50 




7 




16 



- 173 - 



out. Table 7 outlines the eftect of the bylaw on the metal concentrations 
of the raw sewage and digested sewage sludge of the Waterloo sewage treat- 
ment plant. As of 1974, the Waterloo sludge now meets all of the criteria 
for land utilization and Is therefore acceptable for land application under 
the proposed guidelines. 

ConcI usions 

In conclusion then, yes the crunch may well come when industries 
are forced to meet stricter requirements before being permitted to discharge 
their wastes containing heavy metals into municipal sewer systems. Such a 
requirement, however, need not necessarily be looked upon with dread. The 
examples of Windsor and Waterloo show that reductions in heavy metal 
discharges may be accomplished at no great Industrial expense. 

Industrial processes generally have about a 20 year life, at 
which time equipment and process changes are required to remain technically 
and economically competitive. This Is the time when the Industry should 
take an extremely critical look at its equipment, processes and materials 
and waste handling. Any reduction of metals discharge In the plant effluent 
will mean a savings In raw materials which cannot help but result In a savings 
in material costs. 

True, there are instances when economic recovery of metals from 
waste streams Is not possible. Reduction In metals from these discharge 
streams will necessarily require a net expenditure by the Industry, However, 
if it means the difference between a land application cost of $30 per ton 
and a sanitary landfill cost of $40 per ton sewage sludge dried solids, the 
municipality will have no alternative than to strictly enforce Its bylaws. 
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TABLE 7 
METAL CONCENTRATIONS IN RAW SEWAGE AND DIGESTED SLUDGE 
AT THE WATERLOO SEWAGE TREATMENT PLANT 
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SOLID LIQUID SEPARATION UTILIZING AN 



INCLINED PLATE SEPARATOR AND FILTER PRESS 



Industrial waste treatment frequently involves removing sus- 
pended solids from an effluent stream, resulting in a clear 
supernatant and a dewatered dry sludge cake. One effective 
treatment process to accomplish this, the inclined plate clar- 
ifier, has found wide acceptance in Europe and is gaining ac- 
ceptance in North America, The principle of operation is re- 
viewed and some operating experiences in Ontario are described 
The inclined plate clarifier offers space savings of up to 90 
per cent, compared to conventional clarifiers. 

Conventional clarifier sludge underflow concentrations are 
usually in the range of one to 12 per cent. These voluminous 
quantities can be dewatered to 30 to 50 per cent solids by 
using automatic filter presses while producing a high degree 
of filtrate clarity. The combination of inclined plate clar- 
ifier and automatic filter press provides a cost effective 
approach to suspended solids removal and concentrations. 
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LIQUID-SOLIDS SEPARATION 
UTILIZING AN INCLIIMED PLATE 
SEPARATOR AIMD A FILTER PRESS 



by Roy UerstraEte, P.Eng. 



INTRDDUCTIQN. 



The SGpBration of solids from liquids is 
an area that has attractpd many riifferEnt 
approaches. One involves a combinBtion of 
two unit operations, namely clarification 
and sludge deuatering. 

In clarification the suspended solids are 
separated from the uaste stream and a clear 
supernatant is discharged. The suspended 
solids are then in a loui concentration sludge 
of 1-5% solids, Tn accomplish clarification 
an inclined plate clarifler has been used. 

The second unit operation is sludge deuatering 
using a recessed plate filter press. In this 
process the solids from the sludge are retained 
uiithin the filter media to form a lou volume 
dry cake of 3D-GD% solids while again pro- 
ducing a clear filtrate. 
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Inclined Platg Clarif iration. 

History , 

The inclined plate clarifier dates back to the late fifties and 
early nineteen sixties. In the fifties, patents were awarded 
to the National ResRarch Council of Canada, In the sixties this 
technology libs brought into actual installations by PielkenTori 
(developed by Royal Dutch Shell) in the Netherlands uith t'pir 
corrugated plate separator. Also Axel Johnson and Gran.^rs Eng- 
ineering, both of Sueden, installed their inclined plate clarifiprs, 
initiating a trend auay from conventional clarifiers. In 1975 our 
group, joined luith a Canadian inventor of an inclined plate clarifier, 
a product of his private research. 

Theory. 

In conventional clarifiers the settling capacity is primarily a 
function nf surface area rather than depth. In these clarifiers, 
surface area is the same as settling area. This is the key point . 
Tn increase the settling area in a given spatial surface area, one 
could stack plates horizontally to achieve a settling area equal 
to the surface area times the number of plates. But sludge removal 
would be very difficult. Setting the plates on a ^5-55 degree in- 
cline makes sludge removal possible. See Fig, 1. The effective 
settling area of each plate is equal to its horizontal projection. 
As the plates are packed relatively closely, 2" to G" apart, their 
projections overlap. To determine the total settling area, the 
horizontal projections are added together. This theoretical total 
settling area is up to ID times the settling area per surface area 
compared tn s conventional clarifier. Each plate is typically 3-^ 
ft. uide and B-9 ft. long. 

Now let's look at what happens to suspended solids as they travel 
thru the inclined plates. See Fig. 2, The influent is fed from the 
side of each plate along the feed slot across and up the plate. 

Looking at an individual suspended solid. Lie note that it has tuo 
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major farce uectars acting on it in this counter current system. 
One is the grauity force pulling the particle doun. The second 
is the velocity vector pushing the particle up along the length 
nf the plate. The resultant force on each solid particle directs 
it to the plate. The particle impinges on the plate and meets uith 
other particles that are sliding down the plate toujard the sludge 
hopper. Laminar flow is maintained in the flow up betujeen the plates 
promoting orderly settling and sliding doun into the hopper. 

In studying clarification the usual starting point is the assumption 
that settling in a free container conforms to Stokes Laiu. Stakes 
developed the equation for drag force exerted on a falling particle 
in laminar flou conditions. Neuton's Lau equates effective particle 
weight to drag farces to yield the terminal velocity of the particle. 
This also applies to inclined plate separation theory. 

Further, Hazen's theory of surface loading is applicable to the in- 
clined plate counter current flow system. Refer to Fig, 3, The 
velocity of the stream is 



d.w, sin ex 



\J - average linear velocity 

q - volumetric flow rate 

d - horizontal distance between plates 

o^ - angle of elevation to the horizontal 

w - width of plates 

The average linear velocity has two components namely 

\Jy the vertical component and Ux the horizontal component. 



W = U. sin o< 

y 



d. Urn 



W = U. cos o( = q. cos P C 

d.w . sin c< 



The upward vertical velocity component \J is apposed by the downward 
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vertical sRttling velocity \J . The residual vertical velocity of 

the particle is then the upuard vertical velocity \I less the vertical 

dDunuard settling velocity U . 

Now, looking at the worst case of a suspended solid particle enter- 
ing at point A it must reach point B before the stream exits 
from the plate cell. Hence the horizontal settling time must be 
less than or equal to vertical settling time for the particle. 

Horizontal settling time ^ vertical settling time 
Developing and simplifying the algebraic equation 

q <; U (cos o< + ti ) 
U.L "^ ^ L ) 

L - length nf plates 

Normally the relationship between o^ , d and L are such that 
d/L is negligible. Hence 



Now q/UL is analagaus to the Hazen's surface loading for a 
conventional clarifier with U cos being the component of 
the settling velocity at right angles to the bulk direction 
of flow. If goes to zero cos goes to 1 and wp have the 
conventional surface loading rate. 

To facilitate a comparison to a conventional clarifier let us look 
at the conventional surface loading rate Y 

Y = n (rinw) 



ri.u (cross-sectional area) 

Developing and simplifying with the settling time equation from above. 



y < y L cos ^ 

^ d 



Hence we sen that surface loading ratp in inclined plate clarifiers 
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is effected by the r.ettlinQ uelncity U , the Inngth of the 

plates, L, the distance betueen the plates d and the angle of 

eleuation oc - Minimum plate spacing has been found hy experience 
to be 1.5 inches. 

The upper limit on plage spacing is determined by the fart that 
the flou should be laminar. In rectangular shaped cells RpynolriB 
numbers belou 500 are laminar with the transition range considerpd 
to be 500 < R <Z000. 

B 

In nrder to assure a stable flnu, rnference ran also be made to 
the Frourir (F) number, a dimension! ess ratio of inertia forces 
to gravitlonal forces. It is best tn be at a value of 10"-' qj. Xess 

R = UR 

g R 

yU - kinematic v/iscosity 
g - acceleration due to gravity 
R - hydraulic radius of the flou channel. 

By solving these equations the plate spacing and angle of in- 
clination relationship is established. By applying Reynolds number 
and Froude number constraints the critical clarifier parameters can 
be determined. 

To ensure the viability of this theoretical approach specific 
attention is paid to achieving flou distribution equally betueen 
all the plates and also flou distribution across each plate. 

SIZING 



Information required to size inclined plate clarifiers includes 

1) feed rate of uaste effluent 

2) snttliny rate of the solids. This is determined 
through extensiun settling tests optimizing on 
flocculant type and dosage. 
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3) supprnatant quality (sur;pRnried solids) 

U) sludijr untjerrinu nonrrntrntinn (RURpentJrcl snlirlr.). 

Doth 3) and k) arr ohtainpd b\j lab or pilnf. trrilintj, 

APPLICATIONS . 

Inclined platr clarifiers ran bn applied to many waste ap- 
plications. Industrial applications are Found in strpl mills 
for a varietv of uses incluriinn mill scale sedimentation. Pulp 
and paper plants have various applications and particular success 
has been achieved with bark Fines removal From wood room pfFluent. 
This has been demnnstraterl in Consolidated Bathurst's Port AlFred 
Mill (Quebec) with an Axel Johnson inclined plate separator/thickener. 

Table 1 - Based largely nn Europran experience, shobic the per- 
formance levels achievable. 

Dur own pxperience has bern concentrated on pulp and paper, stpel 
industry. Food processinQ, metal plating and Filter backwash clari- 
fication. 

Our first two installations have been in the rlectroplatin^ industry 
and start up is currently underway. Tab In 1 , last cnlumn, illustrates 
the supernatant and sludge concentration achieved. ReFer to Tig, U 
For a photo oF a typical inclined plate clariFier. 

One particular company wap Faced b.'ith a direction From their town 
to clean up their eFFlunnt discharge as they were ronsidereri to 
bp a majnr cnntributor tn the total suspended solids rntering the 
municipal sewage plant on a dally basis. The company had insuFFicient 
real estate For a conventional clariFier and was also under a time 
constraint From the municipality. Uithin this background an inclined 
plate clariFier was selected. A flow schematic of this installation 
is shown in Fig. 5. 

Advantages of inclined plate clarifiers can be rummarized as follows:- 

X) efficient clarification 

2) low volume retnntinn in the clarifier 

3) easy sludge removal 

h) simplicity of npnratinn 
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'3) nn r"3v/inQ parts rpnultinr] in 1 ny maintrnancp 

anc pDi.jpr rpquirRmnnts 
rO rntJucpd flnnr .^pacp - ar, loij on 10% nf r.nnunntional 

rlpri fierr. 
7) mndular ronstructinn - factory prefabricated mnrlcls 

resulting In ease of transportation ancJ installation 
'^) Inu' capital costs - installprl cost comparisons to 

ropunntional rlarifiers shou savings in pxcrss of ^n% 
9) quick construct ion anrt installation: 1? - Ifi i.ippks 



FILTER FRE55 DELJATERIf\JG. 
Introduction 

The basic purpose of thp filter press in the area of uastn treatrnent 
is very specific: to retain the solids uithin the filter media and 
press these solids to a high concentration. 

Filter presses haup long been usrd in I'jch process industrips as 
pigment dyestuff preparation, juicn polishing, electrolytic mntal 
refining, sugar refining and many others. 

For sludge dnuatering typical North American approaches hawn bpon 
to use vacuum filters and centrifuges. Europe has, in contrast, 
made extensive use of filter presses. Thp demand for drier sludge 
cakes has been the prime reason for the recent local interpst in 
the filter press. Moreover, mechanization and automation of the 
filter press has overcome its alleged traditional shortcoming of 
being labour intensive. 

In North America there are a number of filter presses available 

from manufacturers such as Poly Filters, lii.R.Perrin, Srhriver Envirotech, 

Passavant, Edwards and Jones, Johnson Progress, and Dart Industries. 

PRINCIPLE OF OPERATION. 

The basic design of the filter press can be observ/nd by rnference 
to Fig. 6. The filter press consists of a steel skeleton uiith two 
end supports joined by two parallel side bars. These side bare 
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also providp the support memhRr for the recessed plate chambers. 
One end is referred to as the fixed or feed head, the other the 
closing head. A closing mechanism such as an hydraulic ram or screu 
drive operates from the closing head to move the recessed plate 
chambers together and exert a closing or clamping pressure forming 
a series of filter chambers. 

A plate transport mechanism located on each side bar is used after 
a filtration cycle to open the filter press. The closing head 
opens and each plate is individually separated from its adjacent 
plate and transported along the sidebars. This enables the cake 
formed to be released from the plates and fall on to a collection 
arrangement, such as conueyors, or directly into the sludge cake 
disposal container. 

The actual filtration process is illustrated in Fig. 7, Each recessed 
chamber plate face has a filter clnth mounted so as to form a cavity 
for sludge capture. Each plate is provided with feed and drainage ports 
aligned so that continuous passages are formed yhen the press is closed. 
The surface of each filter plate is designed for drainage nf the liquid 
pressed from the sludge. Ribs or grooves of pyramidal or cylindrical 
shape on the plate face provide a support surface for the filter media. 
The sludge uater (filtrate) passes through the filter media along the 
drainage surface to the drainage ports. 

The sludge feed enters via the feed inlet which can be located 
in the centre or any of the corners. The sludge first fills the 
cavities enveloped by the filter media. Under pressure a clear fil- 
trate passes through the filter media and a cake begins to form from 
the media inuards. The end nf the filtration cycle is determined by 
a pressure build up or a low filtrate flnw. 

Operating pressures of filter presses normally are vr - IDD psig. 
Sane high pressure presses of 2DD to 225 psig. are nou available- 

NEy DEUELDPMENT5 IN FILTER PRES5EG. 



Major developments in filter presses making them of particular 
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interpst today include thr autnnatir cloning and nppninrj of thp 
filtpr prpBS by usp nf an hydraulic ram or driving ncrrwr.. FLirthnr, 
plate transport has tieon mEchanirnri. On RidR bar prnRnrs this is 
achipvpd by usn nf an pndlpsfj chain Lii th attachpcJ Irignnrr. uhirh 
pick nnr plntn at a timp and nnue it across thp prpns uppninij. 

Pnp nf thp mnst significant dpyplnprnnnts bars hppn in thp area nf 
filter pFPsn platps. Traditionally filter presses upfp supplied 
altprnatply uith plates and frames. Thp frame provided the cavity 
uihen sanriuiched betupen tun platps. In this configuration thp sludge 
mould remain intact in the frame yhpn the press opened up. The cake 
then had to be manually knocked out of this frame. To achieve 
automatic discharge of the sludge cake, recessed plates uere developed. 
Each plate nnu forms a whole cavity, one-half hallnLied nut of each 
side. Refer again to Figure 7. This facilitates automatic rake 
release uhen the press opens. 

The materials nf nrnstruction have dnveloppd from the original cast 
iron and iiinnd platrs. Cast irnn platps up re very hpnuy and subject 
to cnrrosinn. Uonden plates uere used in some cnrrufiive environ- 
ments but limiter' life ijias always a factor uith replacement being 
required evniy 1 - IV^ years of use. Steel reinforced synthetic 
rubber mrulded plates ucre introclunnd and have many years of success- 
ful operation. Fiberglass plates are also currently manufactured. 
Fnlyprapyl ene plates have received rnnsidersble attention particular- 
ly in Worth America where successful operation has been achieved over 
the last four years. Polypropylene plates offer excellent corrosion 
resistance, lightweight, reriured wear nn filter media, and ease of 
cleaning. 

At thp heart (if a filter press is thp filter media. It is very 
important to match the filter media to the sludge to be filtered. 
The filter media is normally railed filter cloth. Synthetic fibres 
have greatly expanded filter cloth materials from cotton, jute, 
flax, wool and paper tn nnu include polypropylene nylon, polyethylene 
and nthers. The filter cloth fabric is usually in woven form. The 
filter cloth is cut, sized and punched to order. These cloths then are 
draped over the top edge of a plate covering both sides nr may be 
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Bttached to ppgs on thp top pcfgp nf tbp plate- 

These new matprialr? nf construction have rpsultpd in imprnvemrnts 
such as - 

1. Rxrellent corrosion rpsistancR, 

2. improved uiear charartEristics for long cloth 
lifptime (1^ ypars), and 

3. plimi nation of filter aids such a^ tiiatninarcous earth 
in many cases by usn nf synthetic felt type fabrics. 

Optimum cloth spl^ction may bn acbipurd by tPstinQ with a pilot 
filter press. (Fig, n). 



iIZING. 



Sizing filter presses is accomplished by calculating the volume 
of cake spacp required and the filtration rate. The filtration 
rate is best obtained by performing actual test runs on the waste 
sludge on a laboratory or pilot filter press. Excellent experience 
has been reported with scaling up of the filtration procpss from 
pilot scale filter presses (6" x 6") to full size presses (i+8" x ^8") 

The filtration rate is F = Vc 

t. A 

uihere F filtration rate (feed rate) 

Uc-volume of sludge feed 

t-elapsed time 

fi - surface area of filter media 

From the average filtration rate over the filtration cycle the 
press cycle timp can be calculated. This prnss cyclr time includes 
filtratinn time, plus press openinn timr, plus cake discharge time 
plus prens closing time. From thii- total filter press cycle time 
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the ancillary equipment ran be sirrri. This includes sludge staragp 
tanks, sludge pumps, etc- 

The volume of sludge cake cavity required is alsn calculated from 

the ] ab nr pilot tents. The sludrje cake nbtalned is analyzed fnr 
total mnlr-ture cnntent to ensure that a satisfactory concentration 
can be achieved. From the total press time and the sludge productinn 
rate a total gallnnage tu be filtered is calculated. Then the uulumR 
of the sludge cake cawity may be calculated. 



sc 



(V ) 
psc 



\J 



ps 



V - valume nf sludge cake cavity 

BC -• ' 



\J - volume of pilot sludge cake cavity 

psc r- J 



U — volume of waste sludge to be pressed per cycle 



s 



\J - valume of uastr sludge pressed in pilot study 



From a knGbilREige f j f the volufnEtric cavity nf various plate sizen t.he 
number of plates can be determined. 

Typical filter press performance is illustrated in Table 2. 

Table 7 



Type of Sludge 

Potato uaste sludge 

Tannery secondary waste 

Metal hyrirnxide (Al , Fp, Zn) . 

Anarrntji rally digested sludge 



Percent Cake Solids 

3^ - 05 

3n - UD 

?i' - U''> 

?5 - 3^j 



The advantages of filter presses ran be summarized as fnllnus, - 

1) Fjltratinn efficiency rrrnains good even with a sludge 
feed nf substantially varying characteristics, 

?) Ir^prnvpri f n trate quality (louier suspended solids) 

3) D'lerit nltidge rg^r 
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U) Ease of handling a dry cake 

5) LJide choice of materials of construction for the parts 
in contact uith the sludge to match its corrosion 

and abrasion characteristics 

6) UJide choice of filter media 

7) Lou maintenance of the filter press because of feu 
mowing parts 

6) Lou energy consumptian 

9) Lou manpouer requirements uith automated filter presses 
10) Capital casts are very competitive. 



In conclusion it can be seen then that both the filter press 

and the inclined plate clarifier are tuo unit operations that 
uill attract attention for uasteuater treatment over the next 
feui years. 
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Figure 1: Horizontal projections of Inclined plates 
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CLARIFIED SUPERNATANT 




UNDER FLOW SLUDGE 



Figure 2: Principle of operation 
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Figure 3: Flow profile schematic 
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-JRr 



Figure 4: Typical Inclined Plate Clarifier 
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Figure 5: Schematic of Inclined Plate Clarifier and Filter Press System 
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Figure 6: Filter Press schematic (Courtesy W.R. Perrin) 
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Figure 7: Recessed plate chambers (Courtesy Poly Filters) 




Figure 8: Laboratory 



Filter Press - on-site testing 
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to 
o 





Rinse water 


Rinse water 








Application 


Copper & brass 


Stainless steel 


Paper mill 


Municipal 


Electroplating 




Pickling 


Pickling 


effluent 


Sewage 


Claripak 


feed rate Igpm 


90 


200 


300 


200 


50 


coagulant aid 


fm 


yes 


yes 


yes 


yes 


feed quality ppm 


== 200 


100-1000 


300-500 


100 


1400 


Supernatant quality ppm 


< 10 


< 10 


< 20 


< 5 


<6 


Underflow sludge ppm 


20,000 


20,000 


20,000-60,000 


^ 5,000 


=^8,000-15,000 



Table 1: Performance of Inclined Plate Clarlfiers 



DEVELOPMENT AND IMPLEMENTATION OF AN 
IMPROVED WASTE WATER TREATMENT SYSTEM 
AT IMPERIAL'S SARNIA REFINERY 



An extensive and costly program to upgrade the wastewater treat- 
ment capability at Imperial's Sarnia Refinery was initiated in 
1970. The major features of the program, which proceeded in 
several phases, included: 

a) A comprehensive program to segregate sewer systems with a 
view to minimizing the volume of contaminated water re- 
quiring further treatment. 

b) Installation of a dual-media gravity flow filtration system 
for secondary removal of oil and suspended solids. 

c) Installation of an activated sludge plant to remove a sub- 
stantial portion of the dissolved organics from the refinery 
effluent. 

This paper discusses the various developmental and pilot studies 
that were carried out and describes the design details of the 
treatment systems installed. In addition, actual operating ex- 
perience is compared to predicted performance and regulatory 
objectives and guidelines. 




by 



GUS W. SCHINDEL 

Environmental Control Coordinator 

Imperial Oil Enterprises Ltd., 

Sarnia, Ontario. 



Mr. Schindel, born and raised in Saska- 
tchewan, graduated from the University 
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graduate studies at the University of 
Western Ontario, graduating in 1968 
with a Master of Environmental Engin- 
eering Degree. He joined Imperial Oil 
in 1969 at its Sarnia refinery as 
Environmental Control Coordinator, and 
is now responsible for coordination of 
the refinery's overall environmental 
control activities. 
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DEVELOPMENT AND IMPLEMENTATION OF AN IMPROVED 
WASTE WATER TREATMENT SYSTEM AT IMPERIAL'S 
SARNIA REFINERY 



BY 

G. W. Schindel 

In 1897, the Imperial Oil Company Limited bought a refinery 
built in Sarnia in 1871 by the Dominion Oil Company, The 
company dismantled its Petrolia refinery, moved the equipment 
to Sarnia and combined the two plants into a 900-barrel-a-day 
operation. Thus began the story of Imperial's refinery at 
Sarnia - the location of uninterrupted refining of crude oil 
for over 100 years now. 

Tremendous changes have, of course, taken place during 
those years. Sarnia Refinery today with its capacity approaching 
140,000 B/D of crude represents one of the largest and most 
complex refineries in Canada. Production comprises a complete 
range of petroleum products including gasolines, jet fuels, 
diesel fuels, heating oil, bunker fuels, lubricating oils, 
greases, waxes, etc. In addition, feedstocks are supplied to 
adjacent Esso Chemical facilities for production of aromatics, 
ethylene and a variety of other petrochemical products. 

The complex contains nearly all available refinery type 
processing units including such major units as Atmospheric 
and Vacuum Distillation, Catalytic Cracking, Fluid Coking, 
Hydrocracking, Hydrogen Synthesis, Powerforming (reforming) , 
Hydrofining (hydrogen treating) , HF Alkylation, Lube Oil and 
Grease Plants, Sulphur Recovery, etc. Many of these units are 
the most modern in design, being installed during a major 
expansion and modernization program extending from the mid 
196Q's to the early 1970*s. On the other hand, some facilities 
still in use are over 50 years old. 

The growth and changes in refinery operations over the 
years has required a continuing re-evaluation and modification 
of waste water treating systems. Some of the more recent 
activities and treatment programs have been described in 
the earlier years of these conferences. Despite such on-going 
activities, however, it became obvious in the late 1960 *s that 
a further major expansion of the waste water treating facilities 
would be required. The recent refinery expansion and modern- 
ization program tended to overtax the existing treatment system 
at the same time as regulatory requirements were becoming more 
stringent in response to a growing public awareness and pressure 
in the environmental area. Consequently, intensified studies 
were initiated in 196 8/69 to develop and implement an improved 
waste water treatment system at Sarnia Refinery. The major 
stages of the program which will be emphasized in this paper 
included: 

a) A waste water segregation program to minimize the 
volume of contaminated water requiring further 
treatment. 
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b) Installation of a filtration system for secondary 
removal of oil and suspended solids. 

c) Installation of an activated sludge plant. 
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2. WASTE WATER TREATMENT SYSTEM - 1969 



2.1 General 



The processing area of Sarnia Refinery is situated on a 
strip of land running North-South adjacent to the St. Clair 
River at the southerly extreme of the city of Sarnia. The 
northerly portion known as Area I comprises about 110 acres 
while the southerly portion (Area II) contains approximately 
155 acres. In addition, a storage area known as Scott Road 
Tank Farm (SRTF) is located about 1 mile inland to the east 
of Areas I and II. The SRTF covers 180 acres and contains 
the bulk of the refinery's crude and finished product storage. 

Areas I and II contribute the vast majority of the refinery's 
contaminated waste water. The effluent from SRTF is essentially 
storm runoff, although some contamination occurs due to 
draining of tank bottoms. 

2.2 Segregated Collection and Treatment Systems - 
Areas I and II 

The waste segregation and treatment systems in place in 
1969 are shown schematically in Figure 1. They consisted of: 

a) Sour Phenolic Water - Process waters with a "high 
phenol" content (generally about 25 - 500 

ppm) and generally also high in H2S and NH3 were 
collected in a separate system of overhead piping. 
The combined streams, after routing through a Sour 
Water Stripper for removal of H2S and NH3, were 
subjected to bio-oxidation in a package unit known 
as an "aero-accelator" . The development and startup 
of this system in 1954 was a pioneering achievement 
in the Canadian Refining industry. Bio-oxidation, 
however, was discontinued during the period 1959-68 
and replaced by deep well disposal of the phenolic 
waters. 

b) Spent Caustic - Caustic scrubbing solutions are used 
in the refinery treating processes to sweeten various 
products, i.e. to remove sulphur compounds. Two types 
of spent caustic are generated, namely Cresylic and 
Sulphidic. Separate collection systems were in place 
with the Cresylic Spent Caustic being sold to a chemical 
reclaiming company for recovery of the "acid oils*' 
while the Sulphidic material was disposed of in the 
refinery deep wells. 

c) Clean Water Sewer - This sytem was designed to handle 
only clean once-through cooling water. Over the years, 
however, some random use of this sewer system 
allowed the introduction of some contaminated water. 
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WtLile the newer, units have been 
designed for minimum water use (air cooling plus 
cooling towers) the older units use large volumes 
of once-through cooling water - up to about 45 MM IGPD. 

The clean water sewers terminated in one of three 
API gravity separators with the separator effluent 
discharging to the St. Clair River. 

d) Oily Water Sewer - designed to accept contaminated 
process wastes Texcluding phenolic water and spent 
caustic) . The system was also designed to handle 
all storm water and ships ballast. In addition, 
large volumes of once-through cooling water 
entered this system. The oily water sewers 

again terminated in one of three API gravity separ- 
ators designed for removal of oil and suspended 
solids. The separator effluent was discharged to 
the river. 

e) Sanitary Wastes - Sanitary wastes in Area I were 
collected in a separate sewer and fed to the City of 
Sarnia sewage treatment plant. Since a main city 
sewer was not yet available to serve Area II, septic 
tanks were used in this part of the refinery. Septic 
tank overflow entered the oily water sewer. 

2. 3 Collection and Treatment System - SRTF 

One half of the tank farm was serviced with an oily water 
sewer leading to a small gravity oil-water separator. The 
separator overflow entered an impounding basin. A portion of 
the drainage from the other half of the tank farm discharged 
directly to a drainage ditch known as the County Ditch. Since 
oil contamination of these waters could occur the entire flow 
of the County Ditch was routed through the impounding basin 
with the effluent re-introduced into the County Ditch, ultimately 
leading to the St. Clair River. 

2. 4 Major Problem Areas - 1969 

a) Oil Discharge - As noted, only primary, gravity 
separating facilities were available to remove oil 
from the oily water effluents in Areas I and II. 
Because of the high flow rates through the separators, 
the presence of oily water emulsions, etc., higher 
than desirable discharges of oil were experienced. 

Similarly at the SRTF, high flow rates in the County 
Ditch during rainstorms tended to carry over significant 
quantities of oil from the impounding basin. 
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In addition, other miscellaneous sources resulted 
in further occasional contributions along the area 
of the loading docks , 



b) Suspended Solids - Again gravity separation alone 
proved inadequate in dealing with solids in the Area 
I and II oily water effluents. This was particularly 
the case during occasional plant upsets such as in 
desalter operation which could contribute undesirable 
amounts of an oil/solids/water emulsion to the sewer 
system. 

A second problem involved the direct discharge to 
the river of a lime sludge from the water treating 
section of the Utilities Plant, 

c) Deep Well Disposal - During the late 1960's concerns were 
being expressed regarding the advisability of waste 
disposal by pressure into the relatively shallow 
Detroit River formation. As noted a bio-oxidation 
system to treat phenolic waters was recommissioned 

in 1968, However, frequent upsets of the plant were 
being experienced. During these periods and during 
the occasional shutdowns of the Sour Water Stripper 
significant volumes of phenolic waters were disposed 
of in the refinery deep wells along with the relatively 
minor quantities of Spent Caustic. 

d) Phenolic Materials - Total discharge of phenol in the 
early 1970 ' s averaged in the order of 25-30 lb/day - 

a significant achievement considering the magnitude 
of the refinery operation. This level, however, was 
being accomplished at the expense of undesirable levels 
of deep well disposal and an extremely demanding 
schedule in day to day control activities. Further- 
more, this average level was still about three times 
the Ministry's concentration objective of 20 ppb. 

e) Dissolved Organics - By the late 1960 's, increasing 
emphasis was being exerted by the Ministry regarding 
the need to reduce discharges of "dissolved organics". 
Prior to this time, efforts had been directed towards 
reducing discharges of specific compounds, e.g. phenol, 
which were known to cause undesirable effects. The 
growing level of industrial activity in Sarnia's 
Chemical Valley, together with a general increase 

in knowledge regarding potential sub-lethal effects 
of organics, e.g. fish tainting, led to this change 
in emphasis. 

Sarnia Refinery had no capability for removing dissolved 
organics, other than from those segregated streams being 
bio-oxidized for removal of phenol. 
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3- DEVELOPMENT AND IMPLEMENTATION OF NEW TREATING FACILITIES 

An overall assessment of the waste water treatment system 
in 19 69 indicated major shortcomings and a need for further 
facilities to provide for secondary removal of oil and subsequent 
treatment to remove dissolved organics. It was obvious that 
both steps would be extremely expensive (if at all feasible) 
at the then prevailing flow rates of contaminated water. The 
first requirement, therefore, was a program to significantly 
reduce waste water flows, A preliminary timetable for these 
major phases was established as follows: 

Phase I - Waste Segregation (reduction) in 

Area II - 1972 

Phase II - Waste Segregation in Area I plus 

Secondary Oil Removal System - 1973 

Phase III - Dissolved Organics Removal - 1975 

A large number of other projects proceeded concurrently 
with the development and implementation of the above three 
phases. Some of this work will be briefly noted later in the 
paper. 

3. 1 Phase I - Waste Segregation in Areas I and II 

The total dry weather discharge of contaminated water 
from separators 5, 10 and 11 in 1969 was in the order of 15,000 
usgpm. While it was known that this volume contained substantial 
quantities of clean water, the sources and volumes were not 
defined. Consequently, technical manpower was assigned early 
in 1970 to survey the refinery to: 

a) determine the source of all waters entering the 
sewer systems. 

b) distinguish between contaminated and clean waters, the 
latter defined as having no direct contact with oils 
or other hydrocarbon. 

c) estimate flows of each individual source, 

d) determine sewer system and separator receiving 
stream. This objective required considerable work 
with dyes, etc, since in many cases drawings were 
inadequate. 

The study proved to be very time-consuming requiring 
some 12 man-months of technical effort. The result, however, 
was a very thorough and detailed analysis of the sources and 
disposition of waste waters and an excellent base for future 
planning. 
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The study revealed that of the 15,000 usgpm, about 
12,000 usgpm could be classed as clean water. That is, the 
flow of contaminated water requiring further treatment could 
be reduced to 3,000 usgpm by diverting all the clean water 
frcan this sewer system. Once through cooling water from various 
heat exchangers, represented about 65% of the water which could 
be diverted. The remaining 35% was indicated to come from a 
great many individual sources including compressor jacket and 
pump cooling water, steam condensates from tank heaters and 
line tracers, sample coolers, boiler blowdown, etc. 

Despite some skepticism concerning achievement of the 
total indicated level of diversion it was obvious that a sub- 
stantial flow reduction was possible. Consequently, a project 
schedule was developed which prioritized timing of individual 
steps on a cost/benefit ratio and also considered other factors 
such as timing of unit shutdowns, manpower availability, etc. 
The original projections for the project indicated a December 31 
1973 completion. Implementation in the field, however, proved 
considerably more difficult than anticipated with a delay of 
1-1.5 years being experienced. Nevertheless, from a process point 
of view the project has been a resounding success- achieving a 
reduction in flow of contaminated water to the present normal 
level of 3500-4000 usgpm. 

Some thought was also given to providing a separate 
system for "clean" storm water. This did not appear practical, 
however, on a cost/benefit basis. 

Several sources of contamination of the clean water sewers 
were discovered and diverted to the oily sewer. Also, new 
collection sewers for sanitary wastes from Area II were installed 
and tied into the City of Sarnia system when it became available 
in 1973. 

3,2 Phase II - Dual Media Filtration 

As previously noted, the objective was to have a secondary 
oil removal facility in place by December 31, 1973- Slower than 
expected progress in waste segregation, however, necessitated 
a delay of the required pilot studies. Even so, substantial 
quantities of "clean water" diluted the waste when the pilot 
program was initiated in late 1972. 

(i) Pilot Study of Dual Media Filtration 

During the late 1960's/early 1970 's considerable interest 
and promise emerged in the use of filtration for removal of 
oil as well as suspended solids. Successful experience had been 
demonstrated in a few steel mills and oil refineries. Further 
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promising data was available from extensive pilot studies at 
another Exxon Refinery as well as from the adjacent Sarnia 
Esso Chemical Operation, 

The available information indicated several major 
advantages in the use of filtration versus the more generally 
applied air flotation. These were: 

a) More efficient removal of suspended solids along 
with equal or better oil removal without the use 
of chemicals. 

b) Ability to handle a wide range of flow rates. 

The latter advantage was of particular interest to 
Sarnia because of limited real estate for provision of storm 
holdup. 

The pilot filtration unit employed was rented from 
Eimco Envirotech Limited and represented a scaled down version 
of a commercial unit. The 4-foot diameter tower contained a 
bed made up of 2 feet of anthracite over 1 foot of sand. The 
feed, obtained from #14 API Separator was pumped to a head 
box and flowed by gravity downflow through the media. 

Some 40 "runs" were conducted during the 3 month pilot 
program. Each run consisted of the filtration cycle followed 
by a backwash cycle to remove accumulated oil and sediment. - 
Most of the studies were done at a filtration rate of 4 usgpm/ft 
(a typical rate for the commercial unit) . Testing of higher 
rates was carried out as well to establish an upper limit. 

The average results obtained are shown below: 

Influent Effluent % Reduction 

Oil - ppm 33 8 76 

Suspended Solids - ppm 29 13 55 

Duration of the filtration cycle varied depending on - 
flow rate and feed water quality. At a flow rate of 4 usgpm/ft 
and the average feed conditions shown, run lengths of about 
24 hours were experienced. 

Limited testing of the backwash water indicated that 
the bulk of the deposits were removed from the media in the 
first two minutes. Gravity settling of the backwash water 
showed that the "rapid" settling of the contaminants was 
essentially complete after 2 hours. However, the water phase 
still contained significant concentrations of oil and suspended 
solids. Certain polyelectrolytes were shown to greatly improve the 
settling rate producing water of exceptional clarity in about 
five minutes. 
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(ii) Design of Refinery Installation 

Based on the results of the pilot study and studies of 
other aspects an overall system as shown in Figure 2 was 
designed and installed using the Eimco SVG Dual Media Gravity 
Feed System. (Figure 4 provides a photograph of the filters). 

The effluent from each of the oily water separators 
No. 5, 10 and 14 is pumped to a common filtration facility 
located in Area II, In addition to the filter feed pumps, storm 
water storage tanks and pumps were installed at each separator. 
One tank was sized to also serve as a ballast tank. 

The filtration plant was designed for a dry-weather 
flow of 6,000 usgpm - the early 1973 projection of ultimate flow 
following waste segregation. Based on the pilot studies a 
design feed rate of 4 usgpm/ft2 was specified. The installation 
consists of 6-18 foot diameter vessels with filter beds consisting 
of 2 feet of anthracite over 1 foot of sand. 

The pumping and storm water storage facilities were 
designed such that satisfactory filtrate quality could be maintained 
under storm conditions although increased backwash frequency 
would be required - 

The feed enters an elevated splitter box which divides 
the flow into six streams. The filtration and backwash cycles 
are initiated automatically by a sequence controller- Butterfly 
valves using air operators are used throughout. Air for the air 
scour step is supplied by a blower. The backwash frequency is 
controlled by a setting of a master timer in the sequence controller. 
A high pressure override, however, was built into the system to 
initiate backwash on a particular filter if "premature" fouling 
occurred. 

The backwash water storage compartment on each filter 
stores 20,000 usg of water which during backwash is discharged 
over a period of about 5 minutes to a 100,000 usg sump. Water 
from the sump was designed to be pumped to one bay of No. 14 
separator to provide about 24 hours of gravity separation for 
the oil and suspended solids with the "clarified" water being 
recycled to the filters. It was recognized that this was likely 
a minimal system for handling backwash, however, it was decided 
to evaluate the backwash water characteristics during full scale 
operation before committing to further facilities. 

A new "Environmental Monitoring" building was included 
to house the controls for the filtration system as well as those 
for some of the existing facilities and the projected future 
phases, thus centralizing control. 
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(iii) Actual Operating Experience on Filtration System 

Waste water flow was started to the plant in May 1974. 
Analysis of the influent and effluent during the period May to 
October yielded the following average results: 
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Flow rates during this period were in the range of 
5-7,000 usgpm. 

It is noted that the removal efficienty for both oil and 
suspended solids was very close to that predicted. Average 
effluent concentrations were somewhat higher than anticipated, 
however, because of significantly higher concentrations in the 
feed. This higher loading resulted in more rapid fouling of 
the filter beds and required an increased frequency of backwashing 
Filtration cycle lengths during this period were about one-half 
the expected 24 hours. This in turn increased the volume of 
backwash water being recycled from an expected level of about 2% 
of the fresh feed flow to 4-5%. Part of the problem was due to 
a high return of oil and suspended solids to the filters in 
"clarified" backwash. 

Consequently, the backwash handling system was revised 
as follows: 

a) Provision was made to add a cationic polyelectrolye 
as the water is pumped from the backwash sump. 

b) The water was then routed to an existing, elevated, 
cone-bottomed tank for sludge separation. The tank 
has provision for withdrawing the oily sludge from 
either the top or bottoms . The clarified water is 
withdrawn at an intermediate level and recycled 

to No. 14 separator while the sludge is disposed of 
by incineration through an outside contractor. 

These changes resulted in a substantial improvement 
in the filter operation. 
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A further measure of plant performance is shown in Figures 
5 and 6, which give plots of the cumulative frequency of the 
effluent oil and solids concentration in 24 hour composite samples 
taken over a period August 1974 to April 1976. Note 
that oil concentration has been < 15 ppm some 85% of the time, 
while a median suspended solids concentration of 25 ppm has been 
realized. 

The system has required minimal operator attention as 
well as maintenance since startup. 

One area recognized as a potential problem was that of 
media fouling. However, an inspection of the media in one filter 
in October 1975 indicated no media deterioration over the first 
1,5 years of service. The media was clean with no visible 
evidence of formation of channels or agglcmerates in the bed. The 
sand and anthracite were well distributed. A sieve 
analysis and comparison with the original analysis suggested 
the media to slightly more uniform in size, presumably due 
to a small loss of fines in the backwash, 

3, 3 Phase III - Removal of Dissolved Organics 

As previously noted, the projected schedule indicated a 
facility for treating dissolved organics to be in place by the 
end of 1975, In order to meet this timing it was necessary to 
initiate pilot studies in mid-1973 even through the waste 
segregation projects and dual media filters were still under 
construction. 

(i) Pilot Study of the Activated Sludge System 

While activated carbon has had some application in refinery 
waste water treatment (mainly for polishing) , biological oxidation 
is still the only available "practicable" process for large 
scale treatment of refinery waste water. Consequently, the major 
pilot plant program was directed at a study of the activated 
sludge system. 

A consultant was retained to assist in the design of the 
pilot equipment, the design and conduct of the experimentation, 
the data interpretation and selection of the basic process 
design parameters. The pilot studies were conducted at Sarnia, 
however, by Imperial technicians under the routine direction of 
the Research Division in consultation with Sarnia Refinery 
personnel. This proved to be a highly satisfactory arrangement. 

The objectives of the pilot plant work were to determine: 

a) the design parcimeters for construction of the 
refinery plant. 

b) the effluent quality to be expected after biological 
treatment. 
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c) the ability of the system to cope with "shock loading" 
of common refinery contaminants. 

d) the effect of decommissioning the existing biological 
system treating the segregated high phenolic wastes. 

The pilot work proceeded in three basic phases. The 
first phase conducted in the lab from July - October, 1973 
established preliminary design data. This work employed as feed, 
composite batch blends of the effluent from the three oily water 
separators. Since significant "clean water" dilution was still 
present at this time the feed was spiked with more concentrated 
waste to simulate the final feed. The second phase (late 1973/ 
early 1974) extended this work to a study of shock loadings. The 
third phase was a field study using the same equipment but 
employing as feed the actual effluent from the refinery dual 
media filters following startup in May 1974. This phase was to 
confirm the validity of the design data obtained in phase I. 

Three identical, continuous, bench scale pilot biox 
reactors (about 4 litre capacity) were operated in parallel. 
For phase I and II described above, a bench scale dual media 
filter was constructed of 3" diameter glass pipe . 

It is worth mentioning that the 3" diameter filter gave 
better removal of oil (90%) and suspended solids (82%) than the 
4' diameter pilot plant or the commercial unit, pointing out the 
danger of scale up of such equipment from small scale studies. 
It is known, on the other hand, that biological systems can be 
scaled up from bench scale with a high degree of confidence. 

The major conclusions derived from the pilot studies were: 

a) The combined waste water at Sarnia Refinery following 
dual media filtration is readily bio-degradable. 

A BOD reduction of 94% could be expected at the 
design basis of a 6 hour aeration time (dry weather 
flow) . Operation at higher rates confirmed that 
satisfactory treatment would be maintained under 
anticipated storm runoff periods. 

Other design parameters and predicted effluent quality 
are shown in Tables 1 and 2 respectively. 

b) The effluent quality at a 6 hour aeration residence 
time meets the Environment Canada Guidelines for 
Petroleum Refineries, including the fish toxicity test. 
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c) Treating the high phenolic waste waters along with the 
other contaminated water (i.e. decoiranissioning of 
existing biological system) produced a highly filamentous 
bulking sludge. Continued separate treatment of the 
segregated sour/phenolic water stream was recommended. 

(ii) Design of Refinery Activated Sludge Plant 

Based on the pilot studies the plant was designed and 
constructed with the following basic features: (photograph in 
Figure 7) . 

a) Two parallel aeration basins, with a total volume 

of 1.45 million US gallons. At the design dry weather 
feed rate of 4,000 usgpm, this provides a retention 
time of 6 hours. 

b) Each aeration basin is equipped withtwo-60 HP fixed, 
"Ldghtnin" surface aerators, i.e. total of 240 HP. 

c) The aeration basins overflow into 4-parallel rectangular 
clarifier bays, with a total surface area of 19,200 ft^. 
The design dry weather overflow rate is, therefore, 300 
usgpm/ft^. 

d) Settled sludge is removed by a "Clari-vac" travelling 
siphon system manufactured by Techology Inc. of Columbus 
Ohio. The siphons float on the clarifier surface and 
are drawn up and down the length of the clarifiers by 

a 1/3 HP variable speed, D.C. motor and stainless steel 
cables. Speed of travel is adjustable between 1-15 
feet/min. Recycle rate is adjusted by varying the 
height of weirs in the individual siphon overflow boxes. 

e) Total recycle sludge flows to the base of a 2-screw 
pumping station to be lifted to a head of 15'. The 
discharge flows by gravity to a splitter box in the 
aeration basin. Normally, only one screw would be used 
to provide a recycle rate of about 60%. 

f) Two aerobic waste sludge digesters are provided each 
of 120,000 usg capacity. Aeration is by a diffused 
aeration system. 

g) Tankage is provided to store phosphoric acid nutrient 
and caustic for digester pH adjustment. 

(iii) Activated Sludge Plant Operating Experience 

Field construction began in August 1974. Despite a 3 month 
delay due to a construction industry strike the plant was 
completed in September 1975 - well in advance of the year end 
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commitment to the Ministry. Water was introduced during October 
with seed sludge from a neighboring refinery added October 30. 
By the end of November the mixed liquor suspended solids had 
increased to a level of about 1,800 mg/1. 

Table 3 compares the predicted plant performance to 
preliminary actual data collected over the past few months. 
The data show an excellent degree of removal of dissolved 
organics, i.e. phenol, TOC and BOD (limited data). Furthermore, 
the plant (as predicted) is removing the acute toxicity of the 
refinery effluent towards rainbow trout fingerlings as determined 
by the required Federal tests. 

The results have, however, been below expectation with 
respect to effluent suspended solids and removal of oils and 
ammonia. 

The higher solids and oils have bean due to poorer than 
anticipated sludge settleeibility as well as mechanical/electrical 
problems with the clarifier mechanisms. The sludge volume index 
has been improving and changes are being implemented to improve 
the operability of the clarifier and scum skimmer mechanism. With 
steady mechanical operation it will be possible to study and 
optimize the process variables such that the expected performance 
is obtained. 

It is encouraging to note (see Tsible 4) that despite the 
difficulties during this initial operating period, the average 
refinery discharges are now well below the established Federal 
loading guidelines as well as the Provincial concentration guide- 
lines on the effluent as discharged to the river. 

3. 4 Summary of Additional Major Projects 

Some of the more significant additional projects imple- 
mented are briefly noted as follows: 

a) No. 14 Gravity Oil Separator - Area II 

A new 3-bay API separator was constructed in Area II. 
The oily water sewer flow is delivered to the separator by screw 
pumps. Rotary drum skimmers are installed for more continuous 
removal of recovered oil. 

b) Improved Collection and Treatment at SRTF 

A new sewer system was installed to remove all direct 
discharge to the County Ditch. A 2-bay oil separator was 
constructed in a portion of the Impounding Basin to facilitate 
oil recovery. 
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studies are now underway to determine whether further 
treatment is required. If necessary, the impounding basin effluent 
will be pumped to the Area II activated sludge plant. 

c) Dock Revamp 

Modifications to reduce the risk of accidental spills 
included replacement of piping, additional motor-operated shutoff 
valves, new loading manifolds and provision of contingency 
facilities such as oil booms, skimmers, workboat , etc. 

d) Lime Sludge Settling Basin 

An idle pumphouse, located adjacent to the Utility Plant 
was modified to serve as a 2-bay settling basin for lime sludge 
generated in the hot lime boiler feed water softening process. 

The clarified water is recycled to the raw boiler feed 
water surge tank while the settled sludge is removed to landfill. 

e) Phase Out of Deep Well Disposal 

A large number of projects were implemented to eliminate 
the use of the refinery disposal wells. Included were projects 
to reduce volumes and allow some reuse of phenolic waters and spent 
caustic, recommissioning of the 2nd "aero-accelator" and provision 
of additional feed and contingency storage tankage. A new sour 
water stripper is presently under construction. The existing 
tower will be maintained as a spare. 
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CAPITAL INVESTMENT 



Overall investment in the waste water treatment program 
since 1969 has been $13,7 million in actual dollars. This is 
equivalent to some $20-21 million in 1976 dollars. 

The program also required a large commitment of human 
resources. It is estimated that a minimum of 30 mjin-years of 
technical manpower was expended in the development and design 
of the overall program. 
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5. CONCLUDING COMMENTS 

This paper has summarized the highlights of an extensive 
program to upgrade the waste water treating system of one of the 
largest and probably most complex refineries in Canada. 

The program which was plsinned and implemented in several 
phases has demanded a heavy investment of capital and manpower. 
The constraints of working within an existing operating plant, 
dealing with a mixture of old and new plants, real estate limi- 
tations and a compressed implementation schedule all combined 
to significantly increase the technical challenge as well as 
costs for the project. 

Despite these difficulties, however, the program now 
largely completed, has provided the refinery with a treatment 
system entailing the "best practicable" technology and which 
has the capability of meeting all current Provincial and Federal 
guidelines. 

With the "facilities development oriented" program nearing 
Completion, the emphasis at Sarnia Refinery will now shift 
towards a more intensive effort at optimizing operation of the 
waste water treatment system. 
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Figure I 
AREAS I & 1 1 WASTE WATER TREATMENT - 1969 
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Figure 2 
AREAS I & 11 WASTE WATER TREATMENT - PRESENT 
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Figure 3 
DUALMEDIA FILTRATION PILOT PLANT (4' Dia.) 
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FIGURE 4 

DUAL MEDIA FILTRATION PLANT. BACKWASH 
HOLDING SUMP IN FOREGROUND. 
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Figure 5 
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FIGURE 7 

ACTIVATED SLUDGE PLANT. FOUR CLARIFIER BAYS AND 
SLUDGE RECYCLE SCREW PUMPS IN FOREGROUND. AERATION 
BASINS IN BACKGROUND, 
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TABLE 1 

ACTIVATED SLUDGE PLANT 
DESIGN PARAMETERS FROM THE BlOX PILOT WORK 



FLOW RATE, MM usg / day 6 

AERATION RESIDENCE TIME (hr) 6 

MLSS, (mg/l) 2000-2500 

% MLSS VOLATILE 80 - 85 

ORGANIC LOADING (lb BOD/lb MLSS.day) 0.15-0.25 

SLUDGE VOLUME INDEX (cc/g) < 100 
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TABLE 2 



AVERAGE OPERATION OF BlOX PILOT UNIT 
DURING TEST WITH 6-HR RESIDENCE 





FEED 


PRODUCT 


% 
REDUCTION 


PH 


7.5-8.5 


6-8 


— 


BOD, mg/l 


81 


5 (soluble) 


94 


TOC, mg/l 


41 . 


18 (soluble) 


56 


OIL, mg/I 


6 


2 


70 


PHENOL, mg/l 


~0.2 


<0.1 


— 


SULPHIDE, mg/l 


NIL 


NIL 


-- 


AMMONIA, mg N/l 


8 


0.8 


90 


SUSHNDED SOLIDS, mg/l 


17 


18 





TOXIC TO FISH' 


YES 


NO 






• 96-hr Static Test 
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TABL£ 3 



ACTIVATED SLUDGE PLANT - ACTUAL VS PREDICTED PERFORMANCE 






pH 

BOD - ppm 
TOC - ppm 
OIL - ppm 
PHENOL - ppm 
SULPHIDE - ppm 
AMMONIA - ppm 
SUSPENDED SOLIDS - ppm 
FISH TOXICITY TEST 



EFFLUENT QUA 


LITY 
ACTUAL 


% REDUCTION 




PREDICTED 


PREDICTED 


ACTUAL 


6-8 


6. 6-8. 7 


«.. 




— 


5 (soluble) 


5 (soluble) 


94 




94 


18 (soluble) 


20 (soluble) 


56 




62 


2 


9.4 


70 




24 


<0.1 


0.026 


Btic 




96 


NIL 


NIL 







-- 


0.8 


10.6 


90 




8.5 


18 


39 f 


+ 




+ 


PASS* 


PASS ** 









* 96 hr. static tests 
*• 24 hr. static tests 
^ Improvements Underway 



TABLE 4 



REFINERY EFFLUENT QUALITY VS FEDERAL AND PROVINCIAL GUIDELINES 







ONTARIO 


REFINERY EFFLUENT (ppm) 


FEDERAL 


REFINERY 






GUIDELINE 


ACT. SLUDGE 


DISCHARGE 


GUIDELINE 


DISCHARGE 




PARAMETER 


(DDm) 


EFFLUENT 


TO RIVER 


(lbs/1000 Bbis) 


(lbs/1000 Bbls) 




PHENOL 


0.02 


0.026 


0.005 


0.6 


0.008 


1 


OIL 


B 


9.4 


1.8 


6.0 


3.0 


o 
1 


SUSPENDED SOLIDS 15 


If 


7.2 


14.4 


11.8 




AMMONIA 


10 


10.6 


1.9 


5.0 


3.1 




SULPHIDES 




M-4. 


_. 


0.2 


__ 



5.5-9.5 



6.6-8.7 



FISH BIO-ASSAY ' 



6.0-9.5 



PASS 



6.6-8.7 



PASS 



24-hr. Static Test 



POLLUTION ABATEMENT AT CANADA STARCH 



A CASE STUDY 



The pollution problems associated with the operation of a corn 
wet milling plant are outlined. The effluent streams were se- 
gregated into those usually acceptable for discharge to the 
St. Lawrence River and into a single stream with BOD readings 
of up to 3000 ppm. The acceptable streams are continuously mon- 
itored with Technicon Monitor IV's together with an alarm sys- 
tem to initiate corrective actions fifteen minutes after the 
first occurrence of an upset. After careful consideration of 
several biological treatment systems, a single cell aerobic 
facultative or aerated lagoon was chosen. The lagoon was con- 
structed by converting an old sumberged canal in the St. Law- 
rence Seaway into a waste treatment plant having approximately 
thirty days retention time and which has operated with an 85-90 
per cent reduction of BOD during the summer months and 60-75 per 
cent during the winter months. The total program is responsible 
for an overall 85-90 per cent reduction in BOD to the St. Lawrence 
River . 



by 




GERRY N. FULFORD 

Technical Superintendent, 
The Canada Starch Company Limited 
Cardinal, Ontario 



Mr. Fulford, born and raised in Windsor, 
Ontario, graduated from Queens Univer- 
sity with a degree in applied science, 
specializing in chemical engineering. 
He was employed by C.I.L. as an indus- 
trial engineer concerned with process 
cost analysis. He spent three years 
as Research Officer with the Federal 
Department of Mines and Technical Sur- 
veys on various projects associated 
with the Athabasca tar sands, including 
high pressure hydrogenation studies and 
catalyst research on the resulting dis- 
tillates. For the past twelve years he 
has worked for The Canada Starch Company 
Limited, Cardinal, and in his present 
position, since 197A, is responsible 
for quality assurance, process engineer- 
ing and pollution abatement programs. 
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POLLUTION ABATEMENT AT CANADA STARCH 

A CASE STUDY 

by 

GERRY N. FULFORD 



The eoii5>any which I represent is one of several companies throughout 
Canada involved in the production of starch and sweeteners from com. As a 
member of the com wet milling industry, the Canada Starch Company is actively 
committed in the fight against water pollution. From its beginning positive 
steps have been made to increase the efficiency of the plant and decrease the 
loss of material £ind chemicals to the river. 

Each year the Canada Starch Camp&Tsy processes in the neighbourhood of 
7 million bushels of corn. For each bushel of com processed 6 to 12 gallons 
of water are used in direct contact with the corn or its components. An 
additional 200 - 350 gallons/bushel ground may be used for cooling water, steam 
and power generation. Because of the large volumes of water used, the wet milling 
ir«lustry has a vital interest in maintaining the quality of the water. 

Wet Milling Industiy : 

So that you may understand the nature of the problems faced by the com 
wet miller, a brief introduction to our industry m^iy be helpful. 

The use of com was reported before North America was discovered by 
Columbus. It is kncwn that the Stone Age man used it as food. The Indians in 
North America worshipped it, Christopher Columbus, on return from North America, 
brought com instead of gold which greatly upset Queen Isabella. It also played 
an iii5)ortant role in the life style of the pilgrims. 

Hbere are four basic components in a kernel of com; the hull, the germ, 
the gluten and the starch. The hull or bran is the tough outer skin of the kernel. 
It consists primarily of fibers and Is of little value to the miller. The germ 
which is located in the center of the kernel is extremely valuable in that it 
contains 95^ of the oil available in the com which, when extracted, represents 
a very viable commercial product. The gluten portion which makes up about 10^ 
of the kernel is found bound together with the starch and when separated contains 
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a very high percpnt^'vc of protein. Finally there io the corn uLnrch which 
ma}:eG up 65^ of tbo kernel. It is the wet milling process that noparatcs the 
kernel Into Its component parte. 

In the corn milling process, (Fitjure 1) clean shelled corn le steeped 
in warm sulfurous acid and the steepwater containing the solublcB leached from 
the corn is drawn off and evaporated. These evaporated soluhles, containing n 
high percentage of nutrients and soluble proteins are added to the feed strenras. 
The softened kernel is then passed throxigh degerminators where the germ is 
loosened from the kernel; because of its oil content it is separated from the 
rest of the kernel in hydroclones by a differential in specific gravity and 
subsequently washed and dried. The dried germ is then processed to recover the 
crude oil which in turn is refined. The ge^To free kernel is milled and passed 
over washing screens to separate the h\ill from the mill starch which is made up 
of starch and gluten. The hulls are dewatered, dried and sold as a feed product, 
THie mill starch is separated in centrifugal separatory into starch and gluten 
(protein). The gluten is dewatered, dried and sold as 60 percent protein feed. 
The starch is passed through a series of counter current washing hydroclones 
where the last traces of protein and bolubles are removed. It is at this point 
that aJ-l the water used in direct contact with the kernel is added. These waters 
are recycled many times through the process until they eventually end up in the 
steepwater originally drawn from the steeped corn and evaporated (hence the term 
bottled up"). The starch in slurry form may go in one of several directions. 
It can be dried in its present state, acid modified, oxidized, crossbonded, etc, 
and then sold to the food and non-food industries depending upon the customer's 
needs. The starch may also be used -as a raw material for the production of corn 
sweeteners. 
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The industry has alvays prided itself on the use of a bottled up process. 
A decade ago, a bottled up process meant one where the water was introduced only 
at the final wahing of the finished prime starch, and was worked back into the 
process whenever it was felt possible. Some of the wash waters in modified 
starches were liDpossible to re-use due to their contamination - as a result the 
plants could be subjected to high losses. Let us review some of the potential 
hazard areas in the process from a pollution standpoint. 

Pollution Hazard Areas in Wet Milling ; 

Losses incurred from the concentration of the com steep liquor by 
evaporators are caused both by entrainment of product and by the condensing of 
volatile materials, Steepwater evaporators are operated xmder a vacuum which 
is achieved by the use of baronetric condensers. Depending upon the age of the 
light steepwater and the condition of the evrporator heating surfaces, the 
liquor may have a strong tendency to foeun. The problem is further congpllcated 
by the presence of all the com soluble proteins. When the foaming occurs, 
large entrainment losses from the separator bodies result as the slug or shot is 
carried out in the downlegs of the condensers to the sewers. Few, if any, 
steepwater evaporators have the luxury of a surface condenser. In addition 
to the normal operating losses, there are chemical, losses from the more volatile 
materials such as alcohol and organic acids which are distilled over the top of 
the evaporator and condensed in the steam chests. These volatile losses will 
always be present but may be controlled by reducing the lag times in the process 
and carefully controlling the steeps, Greenfield et al (1) described the use of 
steam stripping to remove the volatiles from the steepwater prior to concentrating. 
From past plant experiences, losses from the steepwater pans could range from 
0.07 - 0.10 lb, BCD/bushel with approximately 0.02 Ib./bushel being made up of 
volatile distillates in the condensates. With the use of surface condensers. 
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these loRS figures can be reduced, from a pollution standpoint, as they are 
present in a more treatable volxuoe. 

The washing and drying of corn stai-ch to a pearl or po-vdered form 
does not represent a pollution hazard itself. Starch, as you know, when 
cooKed in water results in a cloudy non-cohesive solution, and upon cooling 
has a tendency to paste or "set" up into a gel. V/liile this property is uceful 
in some areas such as paper sizes, brewers grits, laundry starches and some 
food and canning applications, it is higlily undesirable in others. The 
viscosity and "gel" characteristics may be greatly altered through chemical 
treatment or modification of the starch. This chemical modification of the 
starches breaks doivn the starch molecule into hydrolyzed fragments thereby 
altering the physical characteristics of the starch. In the course of the 
conversion seme of the starch is solubilized. This soluble starch and the 
residual chemicals from the conversion are washed from the starch prior iu 
drying. In most treatments, these wastes cannot be readily recycled back to 
the process and represent a major pollution hazard. As a rule of thumb, we 
might say the greater the degree of chemical modification the greater the 
resulting waste treatment load, 

TABLE 1 

Approximate Waste Treatment Loadings 
For Various Classes of Starch 

(0.17 lbs. BOD/Population Equivalent assumed in calculations) 

Lb, BOD/Bu, * Population Equivalent/Bu . 

Prime Starch, Pearl or Powdered . 

Bleached Starch 0-0,1 0-0,6 

Acid Modified 0.25 - 0,60 1.5 - 3.5 

Crossbonded, acetylated etc, 0.75-2,5 k,k - ll|,7 

Oxidized Starch 2.25 - 3.00 I3.2 - 17.6 

*Based on 0.82 lbs. BOD/lb, Starch 
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In many cases, the solubles cannot be eT^aporated and added to feed due 
to the toxic nature of the chemicals used. While these figures would vary due 
to differing processes and actual product, mix being run, they do indicate the 
severity of the treatment problems that can arise in producing modified starches. 

Com starch is a polymer or chain of dextrose units, less a water molecule. 
To produce com sweeteners, a hydrolysis or breakdown of these chains is carried 
out yielding components varying from single dextrose molecules to long chain 
polymers. The hydrolysis of the starch may be carried out by three methods: 
(1) acid, (2) acid-enzyme or (3) enzyme-enzyme processing. The acid enzyme process 
is the most widely used in North America today. The starch slurry le Initially 
treated with acid and heat for a period of time, neutralized, cooled and treated 
with enzyme that will selectively break down the starch polymer. When the hydro- 
lyzate reaches the required dextrose level, it is clarified to remove trace ^ 
quantities of naturally occurring fatty substances and proteins that were present 
in the prime starch. It is then decolorized with carbon and evaporated to the 
desired concentration. These evaporators are subjected to entrainment losses. 
However, the hydrolyzate does not have the same tendency to foam as steepwater. 
With good evaporator design, process operation and monitoring, these losses can 
be greatly reduced. Losses can occur from the sweetening off of spent carbons, 
regeneration of ion exchange columns, leaks from puuq) seals and heat exchangers. 
Tank car washings and sterilization can result in veiy large losses to the sewers 
if not carefully controlled. Greenfield has reported the BOD losses over a period 
of time from a typical plant as 0.23 population equivalent (PE) from entrainment, 
0.27 from spills and 0.7I from washing for a total of 1.21 P.E. per bushel ^er 
day of refinery grind allotted to the syrup and sugar refineries. 
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All processing plants ar« subject to upsets and imbalances through 
equipment brealidovns^ instrument failure^ operator errors, leaks etc. vhich 
result in product and material being lost to the floors. As the processing is 
carried out in the slurry fotm, these spills must be washed up. If these wastes 
are washed to sewer they can severly pollute the water courses or if they are 
treated can represent a shock loading to the waste treatment facilities. 

To put the waste treatment problem into perspective, a small com wet 
mil n r^ plant would be faced with the same treatment problem as a city with a 
population of 175,000. 

Categorizing Wastes - Volume and Strength 

In I96U, the Canada Starch Coa^iany was operating what it considered to 
be a well executed '^ttled-up" process (2). The waste loadings discharging to 
the sewer were 1.0 lbs. BOB and 0*53 lbs. of suspended solids per bushel of com 
processed. The treatment was due to a large dilution factor and the assimilatiTe 
capacity of the river to handle the waste. 

Repeated surveys indicated the waste was coo^letely assimilated by 
the St. Lawrence Waterway 75 feet from the Ccopany outfalls. 

However, we were soon to learn that dilution was not a solution and a 
waste treatment facility would be required. It is axiomatic to say that before 
a waste treatment plant can be considered, it is necessary to have some reasonable 
knowledge of the volume and strength of the wastes to be treated. Con^licating 
the problem was the fact that the plant was established over 100 years before 
and had developed somewhat randomly- to meet the grcving production demands. 
As in most older plants of this nature, the sewer systems were complicated and 
somewhat irrational, containing many branches which had not been charted. It w a 
ijipossible to define distinct networks which separated dike seepage euid atom 
water from industrial wastes and sanitaiy sewage. In the fall of I965, the services 
of Proctor and Redfem were engaged to investigate the sewer system as well as 
the strength and nature of the waste. 
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Figure 2 Distribution of plant BOD, 1 964-7 to 1971-2. Overall reduction represented a chcing* 
in loading from 1 lb. BOD/Bu. to 0.21 lbs. BOD/Bu. 



As a baoie for the study, agreement was reached with the O.W.S.C. to 
categorize the wastes into three classes, namely; 

(a) Wastes of very low strength that coiild be discharged directly to the 
St. Ijawrence River without treatment, 

(b) Those medium strength wastes that could be treated by some sin^ile physical 
process and then discharged to the river, 

(c) The very strong wastes which required complete biological treatment to meet 
a standard suitable for discharge to the St, Lawrence River. 

The study revealed that the sewer system did indeed need revamping and 
recommended the establishment of three distinct sewer networks, namely a sanitary 
sewer, industrial waste sewer and a storm sewer system. By quantitative determina- 
tionf^ the actual losses from the various departments and products were established 
for the first time. They were grouped initially into two categories; those that 
should be collected together and treated and those that normally would be acceptable 
for discharge to the River, Forty- five percent of the total BOD was considered 
high strength and designated for treatment. The oxidized starches made up h& 
percent of this loading, 20 percent the modified starches, 10 percent the oil 
refinery, (Figiire 2), 

The oxidized starches were almost exclusively sold to the fine paper 
manufacturers and they too were experiencing water problems in using these, 
Gillespie (3) reports that the dispersive action of the hypochlorite oxidized 
starches was decreasing the filler retention and increasing the white water 
turbidity. Excessive turbidity rendered the white water unfit for direct re-use. 
As a result, the fresh water use was increased, and the volume of difficult-to- 
treat effluent was increased. Through the late sixties to early seventies, both 
Industries were actively seeking alternate products that would be an acceptable 
substitute for the oxidized starches, Bthylated and cationic starches were u^cd 
with some success. The combination of reduced use of oxidized starch and numerous 
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trials with the substitute starches had a distinct effect of reducing the 
treatment load. Now the product is obsolete and has been replaced by enzyme 
conversion of nonrnl prime starch. 

Many of the modified starches met the same fate. Each starch processor 
and user carefully reassessed the economic return from the product or its use 
against the added waste treatment costs. 

The other main contributor to the treatment load was the oil refinery. 
Here the crude oil is treated with caustic to remove the free fatty acids in the 
form of soap, bleached to yield a light coloured oil for marketing, winterized 
to remove the natural waxes that could cause haze upon refrigeration and filtered 
to improve the clarity. Finally the oil is deoderized to remove any odoriferous 
and volatile ingredients, thus improving the shelf life and imparting the familiar 
bland "Mazola" corn oil flavour. The deodorization is accomplished by steam 
stripping under high temperature and reduced pressure. The volatile materials 
distill off and condense or solidify in barometric downleg waters presenting an 
unpleasant waste treatment problem. An Elliott Scrubber, using a curtain of 
recycled corn oil was installed before the condensers to strip out the volatile 
distillates. Periodically the recovered distillate is drawn off and sold with 
the soapstock. 

Tighter re-use of process waters, improved level controllers on the 
plant evaporators, a revamped sewer system and the appointment of a full time 
yield and loss foreman all played a large part in reducing the untreated wastes 
as .shown in Figure 2. The plant losses were reduced to approximately 0.21 lb, 
BOD/bushel with 0,12 lb. BOC/bushel in the industrial sewer designated for further 
treatment. 
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When the process and sever chaoges had been con^leted, pemlsslon was 
granted by the O.W.R.C. to return 93 percent of the water used by the plant 
directly to the river. To reduce the potential of any waste inadvertently finding 
its way to the river, and elaborate monitoring system was to be established. 
The remaining 7 percent of the water contained 51 percent of the BOD loading. 

Lagoon Design & Construction ; 

The design of the treatment facility was not straightforvard. The nature 
of the waste, production cycles, volume and strengths all added to the dilemma, 
and have been outlined belov: 

1. A large percentage of the waste was from the hypochlorite oxidized starches. 
Ilbese wastes did not respond to biological treatment as quic}LLy as the normal 
stazYih wastes. They could also contain a large cunount of free chloride. 
Little BOD reduction was realized in the first few hours. 

2, Production mix was such that the characteristics of waste could change 
markedly from day to day or week by week introducing acclimatization problems 
for any type of waste treatment facility. 

3* Treatment loadlxigs were frequently the result of process upset. The treatment 
system would be subjected to shock loadings of up to 3000-U0OO ppm BOD. 

U. The grind schedule often called for plant shutdcwns of up to fotir days duration 
making the operation of an activated sludge plant extremely unstable. 

5. Kie volume of liquor treated was extremely large, Eqxiallzation could be 

considered for the short periods during a "shock loading" situation, but for 
any production runs of highly modified starches the storage facility would 
have to be so large that they would neither be economical nor aseptic. 
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Photo 1 Aerial view of St. Lawrence River showing Gallop Canal 
prior to its flooding in 1956 




v^ 




Photo 2 Aerial view of earthen berm constructed as the outer wall of 
the aerated lagoon 
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. Early worK had suggested that aerobic faciittative lagoons may well 
ansver many of the above needs. Experience with these earlier lagoons, 
described by Sawyer (k), suggested the use of 20 lb. BOD/IOOO ft.^ and the 
lagoons generally used a 1.2-1.5 lbs. 0«/lb, BOD. However, Boyko (5) of the 
O.W.R.C. gave a paper at this same conference in 1971 suggesting that a design 
loading of 2 lbs, BOD/IOOO ft. had met with success in Ontario and should give 
an effluent of acceptable quality. The loading restraint, coupled with the 
potentially high strength and volume of the effluent sxiggested that a vezy 
large treatment facility would be required. This posed an eidditional problem 
as there was no open land available close to the plant site. Tiie increased 
capital and operating costs that would be incurred by pumping the waste to a 
suitable open site were economically prohibitive. 

There was one other alternative for the Company and consulting engineers: 
that of using a portion of an old canal system. In the mid iBOO's, the Gallcp 
canal system had been constructed to in^rove the river navigation in the 
St. Lawrence near what is now Cardinal. The com grinding mill was erected 
on the canal's north bank where it could take advantage of the head water, 
Uhused for many years, its banks badly erroded, the canal was flooded in 
1956 by the construction of the St* Lawrence Seaway leaving only a submerged 
hazard to navigation* * 

To -establish the feasibility of utilizing the existing berms of the old 
canal, the services of Wamock Hersey Company were engaged to test the conditions 
of the subsoil. 'Oieae tests confizmed that the bank of the old canal would serve 
as a suitable foundation for the outer perimeter of an earthen bera. 
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Photo 3 Aerial view showing dredging operation in fall of 1972 




Pfioto 4 Shows the end dumping of a specially selected glociol iil 
used to create the impervious outer berm of the lagoon 
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The design of the lagoon was carried out by the Proctor and Redfem 
Group (6). To nteet the design loading requirements of the Ministry, an 
aerated lagoon was constructed, apprcocimately 1000 feet long, 135 feet wide 
(inside) and 20 feet deep having a liquid volume of 12.5 million gallons and 
a surface area of 2.8 acres. The walls of the berm were constructed by end 
dumping from trucks, a specially selected glacial till which was well graded 
In particle size. The use of similar tills had been described previously by 
Adams (7) of the Hydro Electric Fewer Commission of Ontario. The conqpacted 
till formed a dense, iji;>ervious layer making it possible to maintain a constant 
level in the lagoon irregardlese of the river level. To protect the berms from 
the wave action of passing ships and from the turbulence created by the mechanical 
aerators, the exposed faces were covered with a rip-rap made of a crushed stone 
underlayer follored by a primary cover of heavy quarry-run rock. The lagoon 
bottom was dredged to a specified contour. 

To sustain the microbiological life, the air is introduced through 
applied air turbine aerators. These were felt to have an advantage for this 
type of lagoon, as they not only provide mixing of the lagoon contents, but 
they break up and disperse the air throughout the surrounding water. There is 
no surface spray experienced, thereby reducing some of the problems of winter 
icing and foaming. It was assumed that the aerators would be sized for the 
oxygen required for an Alpha factor of 0.8, a Beta factor of 0.8 and a residual 
dissolved oxygen level, of 2.0 mg/l. Five Lightning submerged turbine aerators 
were used with 150 installed HP. In these units, the drive shaft to the turbine 
is hollow with the air being introduced through this hollow shaft. The air la 
supplied to the turbines by five rotor positive type, belt driven compressors 
using 110 installed HP. To reduce the normal noiselevel for the nearby residents 
of the Village, the con^ressors were enclosed in an accoustical lined metal 
cabinet* 
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Photo 5 Aenol view of the faculative aerated lagoon used lor waste 
treatment al Conoda Storch since 1973 



As the lagoon could not be devatered during its construction^ it vaa 
decided that the fixed operating platforms for the aerators could be established 
by driving raked steel tube piles from a barge through the boulder clay over- 
burden tc refusal. Baffles for the aerator were provided by velding steel 
plateto the piles prior to driving. The comer pieces were suitably braced 
by a rigid precase concrete cap. The frames were stiffened in the weak direction 
by 80 foot long prestressed concrete tees that also served as the access platfomu 
At the discharge end of the lagoon a 100 ft. arc of perforated pipe chlorinates 
the waste prior to its discharge. The effluent flows through a discharge weir 
and then through 350 feet of sewer to a submerged discharge. 

The contract for the lagoon construction was awarded to Rullff Grass 
Limited and was conipleted In early 1973* 

Lagoon Operation ; 

The concept of using a single cell aerated or facultative lagoon for high 
strength industrial wastes is not new. Rice and Weston (8) were among the 
earlier workers to report the use of con^iressed air to overcome the stratification 
and the development. of undesirable anaerobic conditions in waste treatment ponds. 
In 1966 O'Connors and Eckenfelder (9) presented a comprehensive paper describing 
their laboratoiy work, field results and design criteria for aerated lagoons. 
Since the early "Sixties", the use of a facoltatlve lagoon to handle high strength 
organic wastes has been generally accepted where the land is available. 

A Eiii5)le aerated lagoon, unlike the more conventional activated sludge 
plants measures retention time in days or weeks rather than hours. The 
concentration of the mixed liquor solids developed within the aerated waste does 
not normally exceed 100 ppm and generally is uniform throughout the basin. 
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Figure 3 Average seasonal variation of lagoon operating temperature . 
Arrows indicate critical temperatures for lagoon stobility. 
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It follows that the strength of the treated effluent appraxijuates the concentra- 
tion within the basin itself. Due to the laiige volume of waste present in the 
basin, it would not be economically feasible to provide sufficient horsepower 
in the aeration emd mixing units to conqpletely mix the lagoon contents and 
prevent any sediment at ion, Scune sludge solids will deposit on the bottom 
between the aerators and give rise to some anaerobic activity. The decoii^)osltlon 
on the bottom results in the formation of hydrogen sulphide which is converted 
to sulfuric acid by the aerobic blanket at the top. 

The waste treatment facilities at the Canada Starch have been operating 
since March 1973. Hc^ever, due to the early problems of acclimatization, and 
abnormal production In the summer and fall of 1973 caused by a labour dispute, 
we will concern ourselves Just with the operation of the lagoon since 1973. 

The major conponents of the wastes treated are evaporator condensates 
which range between 32° and ^9''C and process wash waters which vary between 
3' and 26°C depending upon the season and the product mix the plant is producing* 
The resulting waste punped to the lagoon varies between 10" and 35*0. This 
coupled with the ambient tenperature results in the lagoon having to operate 
in ten5)eratures between 1" and 26**C as shown in Figure (3). The rapid increases 
in teii?)erature indicated for the periods Ma.rch - April, and July - August can 
be particularly troublesome if the lagoon is subjected to any sustained shock 
loading. The Increased rate of mlcitiblological grcwth caused by the added 
nutrients and tesiperature can quickly exceed the system's ability to supply 
oxygen. If the oxygen requirement is not satisfied the lagoon can go anaerobic. 
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Figure 5 Variation in lagoon operating efficiency ot .arious temperatures. Data is the average of two years results. 
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In most Industrial applications the use of BOD as a measure of the 
strength of the waste is not practical. By the time the 5 day test is 
conpleted, it is too late to do anything about it. Consequently other methods 
that caji be carried out on an on-line basis must be used, ?or expediency, 
we have chosen to use COD (Chemical Oxygen Deipand) as our working unit. The 
efficiency of the lagoon has been calculated as the percentage of the COD 
removed from the influent stream. The efficiency of the treatment plant varies 
through the year from 55 to 90 percent depending upon the ten5)erature and the 
product mix as shown in Figure (k). If we transfer the same data to show the 
effect of teii5>erature on lagoon efficiency. Figure (5), it is interesting to note 
the range of efficiency broadens as the temperature decreases. It would appear 
that the flora is less able to adapt to changes in the substrate as the temperature 

falls below 15"C. However, even at l^C efficiencies as high as 70^ have been 

s. - 

realized. 

As mentioned earlier, it would not be economically feasible to provide 
sufficient mixing in such a large vol\ime of water to keep the suspended solids 
from stratifying. The mixer just supplies sufficient agitation to adequately 
disperse the oxygen in the water. As a result, the oxygen levels through the 
lagoon itself may vary considerably due to inadequate total mixing and due to 
settling to form an anaerobic zone. 

With the submerged turbine, the impeller is mounted close to the bottom 
of the lagoon, r^om a design standpoint, this should have provided sufficient 
mixing to maintain an aerobic zone at least lUO feet in diameter and allow a 
controlled deposition of solids in the reiaaining zone. 
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Photo 6 View showing platform aerotor and mixer. The blowing unit is 

enclosed in on acoustic meto! box. 




Photo 7 View of pile ond baffle around the oerotor. Water surfoce shows 
the small degree of foaming and surface disturbance. 
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To verify the action of the aerators in the lagoon, a Yellow Springs 
Instrument's dissolved oxygen meter was purchased together with a pressure and 
tenperature conpensated probe (YSI-5739). T^e lagoon was sounded at various 
positions between the aerators. The dissolved oxygen isopleths are' shown in 
Figure 6. 7Mb shows a siii5)lifled cross section of the oxygen concentration 
between the two aerators. The Isopleths indicate the mixing zone is extensive 
and very close to the l^iO foot design figure. There is a small tendency toward 
anaerobic activity in the nwre quiescent zone between the two aerators and 
virtually none in the normal mixing zone. By measuring the dissolved oxygen 
profiles between the aerators in the lagoon we have a better understanding of 
the balance between the two aerobic and cmaerobic cultures. 

The loss of the balance in an aerobic/anaerobic system is generally 
brought about by some form of shock loading which may stimulate the growth 
of the aerobic bacteria to such an extent that they consume all the available 
oxygen in the lagoon faster than it can be replaced. The system is then forced 
to go anaerobic. 

It has been long established that sodium nitrate can be effectively used 
to reduce and delay sulphide production in sewage (10- 13). The waste treatment 
plant at Cardinal Is in very close proximity to the town residential area. 
Consequently, any hint of anaerobic activity is immediately noticed. As an 
Insurance measure an operating policy has been followed of matching any shock 
loading greater than I5OO ppm COD ( 6OOO lbs. COD) with a similar number of 
pounds of sodium nitrate, i.e., 1^00 lbs. This practice so far has been 
successful. 
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Figure 6 Dissolved oxygen isopleths of lagoon token between two center aerators. 
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The lagoon Itself is veil buffered and can absorb laiige swings or shock 
loadings in pH without any significant change in effluent pH or COD concentra- 
tions as shown in Table 2, 

TABLE 2 



Data 


Illustrating a pH 
@ 0.5 MGPD in 12. 


ShocX Loading to 
5 Million Gallons 


Lagoon 




Influent 




Effluent 


Date 


COD 


£H 




COD 


22 


5/26/7U 


320 


5.8 




71* 


6.6 


5/27M 


1070 


10.1 




66 


6.8 


5/28M 


660 


6.5 




66 


6.6 


5/29/7** 


if30 


5.7 




6U 


6.6 


5/30/71* 


1*20 


5.6 




62 


6.6 


5/31/7U 


410 


5.»* 




7k 


6.5 



Over the past 2j- years the lagoon has been subjected to wide variations 
in hydraulic loadings without any noticeable change in efficiency. Some of the 
hydraulic shock has been by design. As an exanple, the refinery operator has 
the ability to remotely divert the entire refinery flow of 150O-30OO gallons/minute 
into the lagoon in the event of a significant disturbance. When this option has 
been executed the average monthly residence time has been reduced by up to 
10 days from the normal 30. By comparing the same months, where the operating 
tenperatures are veiy similar, there are no significant changes in the operating 
efficiency. 
Monitoring System ; 

To maintain the privilege of returning 90-95^ of the plant water 
untreated to the St. Lawrence River, an elaborate monitoring system was set up 
to detect the presence of any process upset or spill that might end up in the 
river. To do this, the Technlcon Monitor IV, a continuous on-line analyzer used 
to measure the COD in waste streams was chosen. In total, five of these stations 
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Photo 8 Technicon Monitor IV field stotion showing filter digestion bath, 
monitor, flowmeter and feleletry. 




Photo 9 Top view of the continuous filter used for the incoming 
sample to the Technicon IVs. 
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were set up, 3 on our plant outfalls, 1 on the triple effect evaporator which 
serves both to Isolate the source of contamination and to pick up the signal 
quicker than in the main outfall. The fifth unit was installed on the influent 
to the waste treatment plant to alert the bperating department of any severe 
"shock" loading. These laonitoring systems make the people responsible for the 
upset aware of the problem a few minutes after it has occurred. 

Each of the five monitoring stations has a san^le weir, a continuous 
filter for the stream entering the Technicon Monitor IV xinit, a continuous composite 
san^jle (unfiltered) for laboratory analysis of the daily COD, pH and suspended 
solids; a flow meter so the actual Ihs./dAy of lost material can be calculated, a 
Technicon Monitor IV \init and recorder, and the telemetry to transmit the signal 
to the gatehouse where an alarm system has been set up. 

Any product or process loss of approximately 50 ppm COD triggers an alarm 
in the gatehouse. The attendant then notifies the foreman in charge of the a^a 
where the problem has occurred and records his name on the chart along side the 
peak. The foreinan then follows a set procedure to locate the source of the loss, 
correciis the problem and records the action taken on a "shot" report which is 
returned to our yield and loss department. If the foreman in charge in unable 
to correct the problem within 30 minutes, then a designated senior plant official 
must be notified day or night. The action to curtail the loss is started within 
minutes of its occurrence. 

For those, not familiar with the Technicon Monitor IV analyzers used for 
COD determinations, the sEunple is punned through mixing coils where the various 
reagents are added in the required amount (Figure 7). The q\iantity of reeigent is 
controlled both by its concentration and the diameter of the pump tubes used to 
introduce the reagent. The sample is refluxed with the digestant (a potassium 
dichromate- sulphuric acid silver sulfate mixture) and the orange-yellow hexavalent 
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Figure 7 Schematic of Technicon monitor IV methods showing changes made to coils to reduce 

residence time to 1 1 minutes 
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chroraiuai is reduced to the green trivaxrnt ctate. This reduction of colour is 

measured by a colorimeter and the reBults recorded us ppm COD (1*4). Sn the 

analysis a mercuric salt is used to coinplex and eliminate any chloride interX"eronoe (31j). 

One of the major drawbacks of the Technicon Monitor IV units in our 
application was the presence of a 28 minute lag time between the sainples introduction 
and t)ie response signal. Much of this time is taken up by the distance the sample 
travels in the mixing coils and the time (length of ceils) resident in the digestion 
bath. Shortening these lengths without an appreciable loss in signal strength would 
great.ly ircprove its effectiveness. The ^0 foot glass coil in the digestion bath 
was reduced to 5 feet (l6). The four remaining coils were left as follorfS: 

1, First coil was left untouched to allow the mixing', of the sainple with distilled 
water, 

2, St cond coil was eliminated. 

3, Third coil was reduced from 22 turns to 8. 

k. Fourth coil was replaced by an injection fitting. 

The net result was a reduction in residence time from 28 minutes to eleven 
minutes. There was a small loss in accuracy, i.e., a ratio of modified to original 
value was 0.8U. However, these units are intended to monitor and alarm a process 
upset and are not required to give an absolute COD value. By changing the sample 
size the absolute value may be achieved. The Monitoring system is the key to the 
pollution abatement program - PREVENTION RATHER THAN TREATMENT. Action to correct 
the upset is started within minutes rather than hours. 
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Cost, of P o llution Abatement ; 

The pollution abatement program at Canada Starch was con5>leted at a cost 
o-f .t9^5jOOO (expressed in 1973 dollars) with the aerobic facultative lagoon 
rcprosentinc seventy percent of the total cost. This was accomplished at a 
fraction of the 196? estimates due both to the great reduction in plant loading 
and the use of the old Gallop Canal and the facultative lagoon. The approximate 
construction costs are listed in Table 3» 

TABLE 3 

Appro:<imate Cost of Pollution Abatement Program 
(Based on 1973 Dollars) 

Land acq.uisition and bldg. alterations $55,000 

Plant piping changes, forcemain, chlorination $80,000 

Elliott scrubber $50,000 

JJei-u construe bion, dredging, outfalls, rip- rap $1j^5; 000 

Aerators and platforms $100,000 

Instrumentation (Lagoon and Monitors) $80, 000 

Electrical ^2^j 000 

Total $9^5,000 

The operation of the Ixigoon is relatively simple and does not require 

an operator. The aerators are monitored in the pw-^erhouse for any malfunction, 

Tlie nutrients are added in the form of ammonium hydroxide to maintain a rp.tio of 

C:0P:N:P of 100:5:1. No phosphorus is added as the influent from the industrial 

!iower contains 0.9 ppni phosphorous. There are two full time technicians involved 

in maintaining the nranitors and analyzing the composite waste and effluent streams. 
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Figure 8 Shows the change in BOD and suspended solids looding to the river expressed as Lbs. Bushel 



- 262 - 



The Gperatlng costs are tabulated in Table k belov* 

TABLE k' 



Annual Operating Costs of Total Pollution 
Abatement Program 


Depreciation @5i 




$U7,250 


Electrical Costs 




$16,900 


Chemicals - TAgoon 




$11,000 


- Monitors 




$ 6,000 


Maintenance - Lagoon 




$20,000 


- Monitors 




$ 9,000 


TAbour 




$30,000 


Misceillaneous 




$ 2,000 


Total 




;;142,150 



Over the past decade, the challenge of the "Sixties" has been met as 
we look at the lai^e strides taken in name of ecology, (Figure 8), The lbs, 
of BOD/bu, have been reduced from 1,0 to 0,07 and the suspended solids from 
0,53 to 0,083 lbs,/bu. Although we have not resolved all our problems, work is 
progressing to iji^rove many of the waste streams. Our success may also be 
reflected by continued enphasis on good operating practice and maintenance. 
New engineering projects are designed with pollution control in mind. Protecting 
our environment is our corporate responsibility. We feel confident that the wet 
milling industry will Met the challenge of the "Seventies" and "Eighties". We 
hope this presentation may in some way help you in your efforts toward pollution 
abatement. 
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ENERGY ANALYSIS OF RESOURCE RECOVERY OPTIONS 



This paper discusses the methodologies which can be used for 
energy analysis, suggests a suitable approach for the assess- 
ment of resource recovery options in the Province of Ontario, 
and analyzes five materials in the garbage. One of the major 
conclusions of the study undertaken is that no one methodology 
for energy analysis can be applied universally. The mechanics 
of carrying out the analysis are very simple, such as the de- 
finition of symbols, and methods of illustrating the processes 
under consideration by appropriate flow-sheets. However, as- 
pects of the problem which are not simple, include defining 
the objectives of the analysis, setting the system boundary 
and obtaining reliable data. 

The primary objective of the study was to assess the energy 
cost of resource recovery options for the management of muni- 
cipal waste. These options include the necessary steps to 
reduce the quantity of waste generated, source separation 
programs and the mechanical processing of waste to recover 
energy and materials. 
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Energy Analysis of Resource Recovery Options 
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Energy analysis is defined as the determination of the energy 
sequestered in the process of making a good or service within the framework 
of an agreed set of conventions or applying the information so obtained. 

While anyone who has done a process heat balance has in effect 
done an energy analysis, it is only within the last five or ten years that 
it has begun to be applied in a widespread fashion to systems rather than 
individual process plants. For the process plants, the data were needed 
for design purposes. For the systems the data are useful in a number of 
ways , including guiding policy decisions. 

To provide an analogy to a more familiar analytical method, 
EA can be compared to economic analysis, the difference being that dollars 
are replaced by Btus, This does nor mean that EA can replace economic 
analysis; it does provide another means of evaluating projects and policy 
alternatives in addition to such things as land, labour, water, protein, etc 
Its chief benefit is, therefore, as a supplement to other widely used tools 
of analysis. 

In the present project EA was used to examine alternative 
methods of recovering resources from municipal wastes and to compare the 
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energy needed to recover and reuse materials in the waste stream with the 
energy required to make them from raw resources or the energy which could 
be derived from them. 

Because EA is still a relatively new field of study, part of 
the program was devoted to developing a suitable methodology. This 
Included establishing guidelines and defining terms and system boundaries. 
This paper discusses some of the issues involved in choosing the methodology, 
examines the results of applying EA to four components in municipal waste 
streams and outlines the implications for Ontario's resource recovery 
programs. 

THE RESOURCE RECOVERY PROBLEH 

Figure 1 illustrates the problem which was analysed. Manufactured 
goods end in a pile of discarded materials or municipal refuse which must 
be disposed of. There are essentially three disposal alternatives; 

(1) disposal to landfill, 

(2) recovery from the waste and recycle to manufacture 
secondary products and 

(3) incinerate to recover the energy content or convert 
to a refuse-derived fuel. 

Each of these alternatives has associated with It certain energy requirements, 
The question is, how do these energy requirements compare? The answer 
can be found in an energy analysis. 

ENERGY ANALYSIS METHODOLOGY 

Before describing the results of the energy analyses, the 
methodology will be examined briefly. The methods to be described are 
based on the recommendations of an energy analysis workshop held in Sweden 



under the auspices of the International Federation of Institutes for 
Advanced Study (IFIAS) , In carrying out the analyses the recomm* 
were adapted to the objectives of this particular study. 
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The first, and possibly the most important, part of the analysis 
is choosing the objectives. These choices determine the type of analysis 
required, the boundaries of the system, the energy requirement term and 
the detail needed in the analysis. Some of the more important aspects 
of these factors will now be described. 

There are essentially two types of energy analyses, namely, process 
analysis and input-output analysis. 

Process analysis, as the name Implies, involves a detailed study 
of the production and manufacturing steps involved In producing a good or 
service. In theory, the energy requirement of each component in the 
finished product is traced back until all the raw, in-ground resources 
needed in its manufacture have been determined. In practice, it is not 
practical to carry out the analysis In this much depth as the contributions 
from each subsequently more remote step grow smaller and, for most products, 
only one or two prior steps are needed to obtain an acceptable accuracy in 
the analysis. Beyond these first few steps the energy required can be 
estimated on an aggregated basis from data obtained from an input-output 
analysis. 

Input-output analysis is borrowed directly from economic input- 
output tables which show the values of sales to each industry from every 
other industry and to final demand. By manipulating the matrices and 
using factors to convert dollars to energy, the total energy inputs to 
each sector of the standard industrial classifications can be determined. 

The key features of process analysis and input-output analysis 
are reviewed in Figure 2. Process analysis usually begins with the 
preparation of a flowchart similar to that for a plant design. The energy 
inputs for each process step from raw material acquisition to the finished 
product are then determined. Fuel inputs are measured directly and no 
conversion is, therefore, necessary. It is the only method by which 
specific energy requir^nents can be determined. The process analysis can 
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be used to obtain any one, or all, of the most common energy requirements: 
gross energy requirement, net energy requirement, process energy requirement 
and apparent energy requirement. 

These energy requirements differ in the following ways: 
the gross energy requirement is defined as the amount of energy source 
which is sequestered by the process of making a good or service; the net 
energy requirement omits the energy sequestered in a product which has 
potential as a fuel. For example, in manufacturing plastics, the difference 
between the GER and the NER is the energy which is potentially recoverable 
from the product. The process energy requirement excludes the actual 
energy content of feedstocks which have alternative uses as fuels, although 
the decision regarding which feedstocks do have potential as fuels is 
sometimes difficult to make. Wood used in papermaking is a case in point 
and is discussed later. The apparent energy requirement does not include 
the energy needed to produce fuels from in-ground resources. Its use has 
been discouraged but, in our view, it does have some merit in a province 
such as Ontario which is a major consumer, but not a producer, of energy. 
This is because Ontario needs to optimize the use of delivered energy. Thus, 
energy savings need to be compared on the basis of energy made available for 
an alternative use within the province, rather than as in-ground resources 
elsewhere. The issue is complicated further if the "quality" of gas, oil, 
and coal as fuels is considered, but for this study the decision was to use 
AER for most purposes. Conversion to GER through appropriate factors is 
relatively easy. 

Input-output analyses are done from a matrix of industrial 
economic data. By matrix multiplication and inversion the total energy 
requirement of any commodity can be obtained from the appropriate column of 
the resulting matrix. The conversion from dollars to energy, usually as 
kWh in North America but as joules elsewhere and increasingly here, is done 
by applying a factor determined from other data. Since the raw input-output 
data are aggregated by industry in some form of standard industrial 
classification, the answers are also highly aggregated. Using 1/0 analysis. 
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the GER for an entire industry is obtained. 

To describe the basic difference between process analysis and 
input-output analysis the IFIAS workshop noted: 

"If the objective of the energy analysis is to 
establish the GER for a kilogram of pineapples, 
input-output tables are of no help whatsoever. But, 
if the objective is to find out the average GER of 
the whole agricultural system, the input-output 
tables will provide the information swiftly, usually 
to a high degree of accuracy." 

Figure 3 illustrates a flowchart of a process analysis. Energy 
associated with each step can be traced back to in-ground resources such as 
coal, oil or gas or, if the AER is being determined, only the upgraded fuels, 
such as gasoline and coke, may be counted. Secondary energy such as steam 
and electricity must also be traced back to the appropriate sources. Energy 
for raw materials and their transportation must be included. Energy for 
manufacturing Includes primary fuel inputs, electricity (and its fuel 
equivalent) and the energy associated with capital equipment. Finally, 
energy for transporting processed goods, which may include packaging, is 
also required. 

It is difficult to generalize broadly about the quantitative 
aspects of energy analysis at this point. However, it should be pointed 
out that the energy associated with the capital requirements is usually 
less than 10% of the total and is often 5% or less. An error of 50% in 
this particular item would only affect the total requirements by a few 
percentage points at most. Input-output analysis for construction and 
equipment in broad , highly-aggregated terms is, therefore, usually accurate 
enough to determine capital associated energy requirements. 

One additional issue which must be settled before the energy 
analysis can be done is the boundary of the system. Figure A uses 
aluminum as an example of the effect of system boundary on the energy 
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requirements. Taking the world as a system boundary, one ton of aluminum 
requires about 245 million Btu. About 13 million of the total are needed to 
mine and transport the bauxite to Canada. Thus, from a Canadian point of 
view, energy input to aluminum production only requires about 232 million 
Btu, Since all the primary aluminum made in Canada comes from either 
Quebec or British Columbia, then, from Ontario's point of view, only a minute 
amount of the total energy requirement, associated with transportation 
within the Province's borders, is used to produce aluminum ingots. The 
effect of the choice of system boundary on the apparent benefits of recycling 
aluminum is discussed later. 

To summarize the methodology, the objectives of the energy analysis 
must be chosen, keeping In mind the limitations of the types of energy 
analysis, the energy requirement term, the boundaries of the system and the 
detail needed in the analysis. 

RECOVERY FROM MUNICIPAL WASTE 

With the above background on methodology, we can now begin to 
discuss the actual energy analyses. Resource recovery from municipal waste 
is still in its infancy as a technology. Ontario is currently building 
an experimental plant to study the optimum configuration and to test the 
suitability of equipment for resource recovery. To estimate energy 
requirements for waste processing, a flowsheet was chosen on the basis of 
what was considered to be the most likely processing scheme- The flowsheet 
is illustrated in Figure 5. Refuse will go through a primary shredder and 
then be air classified. The light fraction will be used as a fuel and the 
heavy fraction magnetically separated to recover ferrous metal which is 
shredded further before being ready for sale. 

The non-magnetic fraction is screened to yield a "dirty" glass 
fraction and a heavy organic fraction. The "dirty" glass is air classified 
to produce a finished glass fraction and an organic fraction which is 
combined with the organic fraction from screening to produce a heavy fuel 
fraction. The total energy required has been calculated as 701 thousand 
Btu/ton, 
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In subsequent applications we decided that the fairest approacli 
to distributing energy among the various product fractions was to assume 
that each required the same energy in spite of slight differences in 
processing. When actual plant data are available and markets are established 
the products and by-products can be identified and a more rational 
distribution can be made. 

The major product streams from the plant are: 

(1) a light fuel fraction, 

(2) a heavy fuel fraction, 

(3) ferrous metal and 

(4) glass 

The light fuel fraction will be largely paper and plastic film. It may 
also be possible to separate an aluminum and plast ic fraction when the 
technology has been developed. These components were, therefore, the ones 
of most obvious significance in terms of energy analysis and the study 
proceeded to examine the energy implications of recycling these resources 
from the municipal waste stream. The four which are discussed in this 
paper are: 

(1) newspaper, 

(2) glass. 

(3) steel and 

(4) aluminum 

NEWSPAPER 

The energy aspects of resource recovery for newspaper were 
examined by determining: 

(1) the energy required to make virgin or primary newspaper 
and to make secondary newspaper from recovered municipal 
waste, and 

(2) the energy saved by incinerating newspaper, and by 
producing electricity, steam, gas and oil from 
newspaper by various processes. 
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A few of the alternative flowsheets and a summary showing the savings 
attainable by the various processes are presented here. 

Figure 6 gives a simplified flowsheet for primary newspaper 
production and shows the energy requirements for each step. It should be 
noted that trees were not considered to be an energy source for the purposes 
of this analysis. 

The figure shows that 1.53 tons of trees are harvested and 
processed to yield one ton of primary newspaper. Taking into account 
credits for heat supplied by waste bark and other fuels, the total energy 
requirement is 2A.7 million Btu/ton of newspaper. If the trees were 
considered to have an alternative application as fuel, the total energy 
requirement would roughly double. 

Several other interesting points might be noted: The energy 
required for capital is just under 5% of the total; sulphite pulping is 
about 60% to 70% more energy intensive per unit of material produced; 
over 70% of the energy required is associated with the pulping operations. 

Figure 7 presents an energy analysis of secondary newspaper from 
recovered waste paper. The total energy required is about 20 million 
Btu/ton. Essentially 90% of the energy required is associated with the 
pulping, de-inking and papermaking aspects of the recycling system. Thus 
energy inputs from the recycling plant are relatively unimportant from an 
energy point of view. Again, capital related energy is just under 5% of 
the total. 

The energy which can be recovered from the incineration of 
newspaper in terms of the net fossil fuel saving is given in Figure 8. 
This simplified flowsheet is based on raising steam by direct incineration. 
The fossil fuel saved assumes an efficiency of 87.5% for producing steam 
from fossil fuel. The net conversion efficiency from fuel value of the 
newspaper to fossil fuel savings is 76.7%. Capital related energy 
requirements are below 1% of Che net fossil fuel saving. 

The results from the systems discussed above, along with various 
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other methods of recovering energy from waste newspaper are summarized in 
Figure 9, The first three processes listed involve the direct use of the 
waste newspaper to produce steam, electricity or process heat» the next 
three cover various gasification and liquid fuel production alternatives 
and the last looks at the potential saving from recycling. The most 
effective alternatives are those which use the waste newspaper directly 
or which convert the waste to useful fuel at high efficiency. Recycling 
results in a net fossil fuel saving of only one-third that of the other 
ef f ic lent alternat ives . 

The basic reason for this is that the trees were not considered 
to be an energy source in the analysis, but the waste product has been 
given a fuel value. This is consistent with the present use patterns 
in Ontario. If wood becomes an important fuel, then its energy content 
should be included in the analysis. Recycling will then become the 
favoured alternative from an energy point of view. 

GLASS 

Figures 10 and 11 present the energy requirements to produce 
glass from virgin materials and from recycled glass in refuse. Primary 
glass requires almost 19 million But/ton. The greatest portion of this 
energy (82%) is the fuel required in glass manufacture. Only about 3% 
of the total glass manufacturing energy is associated with the capital 
requirements. The other major item (12%) is for soda ash production. 
This is high In Ontario since essentially 100% of the soda ash is prepared 
synthetically whereas about 60% is synthetic in the U.S. Soda ash from 
natural sources requires only 20 to 25% of the energy needed to produce 
synthetic material. Secondary glass requires about 17 million Btu/ton, 
assuming that 2 tons of glass in the refuse are treated for every ton of 
glass recovered. As with primary glass most of the energy (87%) is used 
in the melting process. Overall savings of about 2 million Btu/ton or 
roughly 10% can be achieved by recycling. 
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STEEL 

Steel is the next item considered. Figure 12 gives a very 
simplified view of integrated steel-making from ore to raw steel. Raw 
materials^ the chief ones being iron ore, coal and limestone, are converted 
to high grade iron oxide, coke and lime. These materials are fed to a 
blast furnace where pig iron is made. Pig iron is converted to steel 
through one of three processes: open hearth, basic oxygen or electric 
furnaces. The molten steel is cast into ingots or continuous shapes to 
yield raw steel, the point at which the present analysis ends. 

Using the mix of open hearth/basic oxygen/electric furnace 
production in the U.S., the average primary energy requirement for raw 
steel Is about 20 million Btu/ton, excluding capital related energy. None 
of the published literature included capital related energy but one 

extimate of $400 per ton of annual steel capacity was made in 1972, From 
this, an estimate of about 1 million Btu/ton for capital related energy 
was made. Again, this figure is roughly 5% of total energy requirements. 

Using data published by Statistics Canada and the mix of open 
hearth/basic oxygen/electric furnace steel production in Ontario, and 
including iron ore mining and benef iciation and miscellaneous energy not 
specifically included in the Statistics Canada data, the total energy 
required for an average ton of raw steel in Ontario is 24,8 million Btu, 

Recycling steel from recovered tin-plate, the material used for 
food and beverage containers, is still relatively novel technology. 
Literature data on the energy required to prepare tin-plate from municipal 
waste for use as steelmaking scrap were not available. A flowsheet for the 
necessary process steps is given in Figure 13, The energy requirements for 
the scrap detinning and cleaning steps were estimated on the basis of 
experience and should be confirmed by further study. The total energy 
required for secondary raw steel production is about 17 million Btu/ton. 

Depending on which data are used, recycling steel will save from 
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about 3 to 8 million Btu/ton. This amounts to 15 to A0% of the average 
energy requirement. One study reported that 39% of the energy could be 
saved by 100% recycling of all-steel beverage containers. For 75% recycle, 
the assumed efficiency of the recovery process from municipal refuse, the 
saving would be about 30% and the agreement with the 15 to 40% range is 
good , 

ALUMINUM 

Produc t ion of nluininum is very energy Intensive comiiared to 
newspaper, glass and raw steel. The latter tliree products require roughly 
20 million Btu/ton, As shown in Figure 14, primary aluminum requires 
245 million Btu/ton, Over 60% of the total is used in electrolytic 
reduction with an additional 15% of the total input also coming in this 
stage in the form of carbon, cryolite and aluminum fluoride. 

The electrical energy needed for aluminum production was converted 
to fossil fuel requirement at a conversion efficiency of 32% even though 
essentially all the power is hydraulically generated. The rationale for 
this is that, if the power was available, it would result in an equivalent 
reduction in thermal power generation, although it is recognized that thlp 
would not be strictly true. 

Recycling aluminum from municipal waste would require about 
11 million Btu/ton as shown in Figure 15. As noted earlier, the energy 
cost to Ontario is higher for recycled aluminum, but Che overall benefits 
to Canada are huge with the reduction in energy requirement being about 95%. 

POTENTIAL FOR SAVING ENERGY 

Figure 16 summarizes the energy savings which can be realized by 
recycling each of the four materials discussed and also gives the energy 
which can be recovered by using newspaper as fuel. The data show savings 
of about 2 to 5 million Btu/ton for newspaper, glass and steel recycling. 
The savings represent roughly 10 to 20% of the energy used in making these 
primary products. For newspaper incineration, up to 14 x 10 Btu/ton of 
fuel equivalent can be saved . This represents over 50% of the energy used 
In mak i ng thi* ni'wnpaper . 
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What are the implications of these results for resource recovery 
policy and programs In Ontario? 

ONTARIO'S RESOURCE RECOVERY PROGRAM 

Ontario's Resource Recovery Program recognizes that a complete 
solution to Che problems of waste management will require a number of 
different basic approaches which must be pursued in parallel to achieve 
success. Summarily these approaches are : 

1 . reduction in the quantity of material produced 
which is likely to result in waste; 

2. changes in the methods of manufacture or types 
of material used to simplify the separation and 
reclamation of the wastes produced; 

3. separation of some elements of the waste at source, 
either at the household, commercial or industrial level; 

4. planned, co-ordinated waste management systems; 

5. central resource recovery plants; 

6. possible additional processing facilities for 
materials separated at the central plants; 

7. encouragement for the re-use of reclaimed material, 
and the development of new uses for this material. 

In the wake of the energy crises, much publicity has been given 
to energy analysis and there has been a suggestion that energy units could 
provide the basis for replacing our current monetary system. It should 
be stressed that energy analysis is not a panacaea and does not replace 
the economic analysis which must be carried out on each resource recovery 
option which is being considered. However, there are a bewildering array 
of options which are reportedly available and a similar array of claims 
made by proponents of resource recovery systems. 

At times it is difficult, if not impossible, to compare efficiency 
claims of one system against another since a common reporting format has not 



- 277 - 



been available. In this area, the energy analysis methodology which has 
been developed will be of particular significance in establishing strategies 
for future waste management systems leading to resource recovery of energy 
and materials from municipal solid waste. 

POLICY DEVELOPMENT 

The Energy Analysis of Resource Recovery has shown that the 
Ontario Program for Resource Recovery should emphasize energy recovery and 
at the same time maintain flexibility of processing options so that, in 
future years, material recovery can be incorporated as an alternative as 
market condlt ions change. On this basis, demonstrat ion programs such as 
the Watts from Waste Project to utilize refuse derived fuel at a thermal 
generating station and use of refuse derived fuel by the cement industry 
are of paramount importance to the development of Ontario's program. In 
addition, we are exploring the possibilities of other industrial uses of 
converting municipal waste to refuse derived fuel. 

With respect to the development of strategies which will result 
in a reduction of the quantities of waste being produced, energy analysis 
will be of assistance but may or may not be the major factor in any final 
decision. Energy analysis will also provide a tool for reviewing any new 
material or products which miglit come on tiie market and which, of course , 
must eventually be considered as part of the waste stream which will require 
processing or disposal. 

It can be seen that energy analysis will become an increasingly 
important tool in the development of waste management and resource recovery 
strategies. 

To conclude with a balanced perspective on the importance of 

(2) 
energy analysis, the following quote is offered: 

"Energy analysis will not solve the world's problems, 

it will not replace economic analysis, it will not 

provide easy answers to difficult decisions. It is 
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just one more way of describing societal activities, 
in terms of a very important physical parameter, and, 
hopefully, it can lead to Improved decision-making 
now that the importance of energy use (along with many 
other factors) has been recognized," 
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ENERGY ANALYSIS OF RECYCLED NEWSPAPER 
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ENERGY RKCOVERY EFFICIENCIES FOR NEWSPAPER 
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ENERGY ANALYSIS OF INTEGRATED STEEL MAKING 
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ENERGY ANALYSIS OF RECYCLED STEEL. 
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ENERGY ANALYSIS OF ALUMINUM PRODUCTION 
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ENERGY ANALYSIS OF RECYCLED ALUMINUM 
( ENERGIES IN 10^ BTU ) 
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SUMMARY 
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RENEWABLE ENERGY, SOCIETY AND THE ENVIRONMENT 



At the present time in Canada, and generally throughout the world, 
a complex and inter-related tangle of problems is facing society; 
problems which have their origin in the energy sector. These pro- 
blems may be economic, environmental, social or political in nature 
but they can be traced to a common source; our inability to meet 
ever increasing demands for energy without incurring major social 
difficulties. Viewed within a time frame of 20 years and beyond, 
and in the context of international developments, this energy re- 
lated complex of problems appears likely to worsen unless substan- 
tially new patterns of energy production and consumption are 
developed. 

One energy technology which holds promise for alleviating both 
energy shortages and environmental problems and which is described 
in this paper, is that of renewable energy, solar energy, wind 
power and energy from biomass materials including organic wastes. 
Contrary to a widely held perception, renewable energy technology 
is essentially "in hand" and could be rapidly applied to our 
energy problems. Certain institutional barriers remain to be over- 
come. Industry has a critical role to play in the large-scale 
development and dissemination of this technology. 
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RENEWABLE ENERGY, SOCIETY AND THE ENVIRONMENT 

Dr. Robert G. Macdonald 
Faculty of Environmental Studies, York University 

The effective use of energy has been an important component 
in the economic and social development which has taken place 
in Canada over the last 100 years . During this period of 
time, the cunount of energy that we as Canadians consume has 
steadily increased until, today, our per capita consumption 
of energy is second in the world only to that of the United 
States. Much of our vast and rapid economic growth has been 
predicated upon certain implicit assumptions about our energy 
resources . We have , in large measure , assumed that energy 
would always be available in the forms which we require, that 
it will be available in essentially unlimited quantities, in- 
expensively and at low social and environmental costs. Today, 
however, our nation is confronted by a serious predicament 
which challenges these traditional , implicit , assumptions 
about the use of energy, and in so doing, strikes at the very 
basis of our energy-dependent economic and social system. In 
short, the era in which our country, as well as the majority 
of the world's industrialized nations, developed and. brought 
to fruition an immense and diversified economic system, an 
era characterized by inexpensive and readily available energy^ 
is over. 

The energy study recently released by the Federal 
Department of Energy, Mines and Resources^ entitled "An Energy 
Strategy for Canadians: Policies for Self-Reliance" sets 
forth "Che complex dimensions of the energy dilemma which 
Canada is facing . Briefly , our demands for energy are con- 
tinuing to rise at a time when existing, relatively inexpen- 
sive reserves of the energy forms on which we are almost 
totally dependant - petroleum, natural gas and hydroelectric 
power -are rapidly being depleted. New discoveries of oil 
and natural gas resources in the frontier regions of Canada, 
offshore in the Atlantic and the North, have been disappointing 
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to date. Those resources which have been found are located 
in regions so remote and environments so hostile as to pre- 
sent immense technical, economic and environmental difficul- 
ties in terms of producing and transporting them to market. 
Capital costs of energy production facilities such as elec- 
trical power stations, tar sands plants and coal production 
facilities are rising steeply to astronomical figures. En- 
vironmental problems are increasingly more severe as the 
scale of our energy-related activities increases and more 
energy resources are sought in ecologically vulnerable areas. 
Social and political issues relating to native land rights, 
provincial ownership of energy resources, the international 
movement of energy resources and the social implications of 
environmental impacts are all pressing to the fore of the 
energy decision-makers' list of priorities. In all, a com- 
plex of economic, technical, social and environmental problems, 
aggravated by the growing rate of our energy consumption and 
the huge magnitude of the amounts of energy presently being 
consumed in Canada, are combining to produce a situation in 
which our best efforts to supply energy in the near and the 
longer— term future will be inadequate to provide for the pro- 
jected energy demands. This short-fall between supply and 
demand can possibly be met by importing energy from beyond our 
borders. However, this option carries with it economic and 
political risks which the Government of Canada rightly views 
with great concern. The problems associated with the recent 
OPEC petroleum embargo have vividly demonstrated the vulner- 
able position in which countries depending upon imported energy 
find themselves. 

A variety of policies have been put forward in the Energy , 
Mines and Resources publication as possible means for addres- 
sing this problem. If the amount of money and effort to be 
invested in a particular energy sector is an indication of 
the importance which the Federal Government assigns to that 
particular sector, then very clearly the priorities and^ hence, 
the major emphasis of federal policy during the next fifteen 
years will be concentrated upon strenuous attempts to increase 
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the supply of conventional energy forms, principally petro- 
leum, natural gas and electricity generated by nuclear energy. 
Unfortunately, the information put forward in this report 
indicates that, except under the most favourable circumstan- 
ces that might be expected , our ability to supply energy from 
our indigenous resources will fall increasingly below the 
projected business-as-usual demand for energy. For example, 
Canada today is a net importer of energy, principally in the 
form of petroleum. This dependency upon imported petroleum 
will increase in the years ahead and lead to a projected balance 
of payments deficit of several billion dollars by the mid 1980s 
Only by assuming the availability of what are considered to be 
"low certainty" energy resources will Canada be able to re- 
gain a measure of self-sufficiency in total energy supply^ in 
terms of conventional energy forms, by the year 1990. As the 
EM&R report states: 

It should be stressed again, that the re- 
attainment of the net energy surplus posi- 
tion experienced in Canada from 1970-75 is 
subject to a number of uncertainties. That 
portion of anticipated energy supplies that 
is highly uncertain at the current time in- 
cludes oil sands operations additional to 
those currently under way and frontier pro- 
duction. The rate and extent of developments 
in these areas will depend on environmental 
and social considerations, technological ad- 
vances, the availability of manpower and 
equipment, the availability of financial 
capital , and - in the frontier areas - suc- 
cuess in exploration activities. (EM&R 
report: page 86.) 

The Inadequacy of Nuclear Energy 

A notion which is widely held, both in government and in the 
private sector , is that nuclear energy will be able to pro- 
vide for our growing energy demands as the supply of fossil 
fuels begins to fail. Unfortunately, this simply is not the 
case. An examination of the energy-use patterns in Ontario re- 
veals the nature of the problem. To date, nuclear energy has 
been harnessed only for the production of electricity. In 
Ontario, today, nuclear generated electricity meets less 
than 5% of our total end-use demand for energy , with by far 
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the largest amount of energy consumed being in the form of 
oil and natural gas. To achieve the rapid transition to an 
all-electric society, at a rate sufficient to compensate for 
the projected short-fall in our fossil fuels, is simply im- 
possible. To convert the existing capital equipment in the 
industrial, commercial and residential sectors from the use 
of oil and natural gas to electricity would be costly and 
time consuming. Moreover, there are many applications, such 
as in the transportation sector, where a change to electri- 
city would be exceedingly difficult. Finally, and perhaps 
most importantly, the amount of capital and the rate of 
construction of electrical generating plants required to 
provide the necessary amounts of electricity clearly exceed 
the present capacity of our economy. The Minister of Energy 
for Ontario has publicly commented that capital constraints 
have made it impossible for nuclear generated electricity to 
compensate for fossil fuel shortfalls, in any large-scale 
manner. 

I would like to comment here, briefly, on certain of the 
environmental consequences associated with the use of nuclear 
power. The generation of electricity by nuclear energy is 
often described as a clean source of power. So it is if we 
are narrowly concerned with those traditional forms of air 
pollution associated with fossil fuel burning generating 
stations ; SOj , NO , CO- / particulates , etc . Nuclear power 
stations produce, however, waste products in the form of 
radioactive wastes, which are of a fundamentally different 
nature than these previously mentioned chemical air pollu- 
tants. Pound for pound, radioactive wastes are considered 
to be cimong the most dangerous substances ever to exist upon 
the surface of the earth. This is doubly so because, unlike 
chemical pollutants which often can be rendered harmless 
relatively quickly and easily by a variety of technical or 
natural processes, these nuclear wastes remain dangerously 
radioactive for, in some cases, periods of time in excess of 
a quarter of a million years. No practical techniques known 
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to man, today, can render non-radioactive a substance once it 

has been made radioactive. In demonstrating that nuclear 
energy is an acceptable form of energy, an urgent require- 
ment facing the nuclear industry is that of showing that 
there exists a way of absolutely separating these wastes 
from the biosphere for periods of time stretching into the 
future far longer than civilization has existed in the past. 
Many reputable authorities consider that this requirement 
facing society in its use of nuclear energy, coupled with 
additional severe problems of safety, the nature of the pos- 
sible consequences attendant to a major release of radio- 
active wastes from a power plant either as a result of an 
accident or because of deliberate sabotage, as well as the 
potential for the misuse of nuclear materials (such as India's 
exploding of an atomic bomb fabricated from nuclear materials 
produced in a Canadian reactor) are so grave as to 
call into question the social acceptability of a nuclear 
energy power program. In the United States, a virtual mora- 
torium has been declared upon the construction of nuclear 
reactors for the generation of electricity. The debate on 
this subject is only just beginning in Canada, 

An Alternate Energy Strategy 

The costs of the proposed energy strategy, with its emphasis 
on conventional energy resources , a program which has been 
labelled as a "strength through exhaustion" approach, will 
be immense. To produce and deliver conventional energy sup- 
plies over the next fifteen year period could require energy- 
related investments of as much as $180 billion. Such an 
investment will inevitably require difficult trade-offs among 
the other sectors of Canada's socio-economic system. Faced 
with the imminent possibility of this program, an exceedingly 
relevant question which we might ask is the following: Will 
the proposed outpouring of resources, effort and time, 
to be spent during the next fifteen years, result in the 
achievement of the desired objective, namely, a more 
satisfactory and secure energy position in Canada? Given 

*Only the passing of a sufficient amount of time, which differs 
from one form of nuclear waste product to another, results in 
the reduction of this radioactivity. 
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the present allocation of national resources, I believe that 
the answer to this question is no. The evidence put forward 
in the EM&R study indicates that the proposed strategy, with 
its emphasis upon conventional energy forms, can only lead 
to a situation in fifteen years in which we will still find 
ourselves to be a country largely dependent upon petroleum 
and natural gas. Moreover, we will be consuming these fossil 
fuels at twice the 1970 rate and, although the graphs of the 
EM&R study halt, tantalizingly, at 1990, our fossil fuel re- 
source base will certainly be much closer to exhaustion than 
is the situation today. In other words, the proposed alloca- 
tion of resources will not solve our energy dilemma . Rather, 
an even more precarious position for the nation will result. 
We must recognize today that the fossil fuel era, at least in 
terms of petroleum and natural gas, is essentially over. 

The critical question then becomes: Are there alternate 
ways of investing the country's resources which might both 

effectively address our country ' s energy dilemma and 
lead to a more desirable energy position in the future than 
the proposed strategy? The answer to this question , I believe , 
is yes. The undertaking of an effective energy conservation 
program and the rapid and large-scale development of Canada ' s 
so-called renewable energy resources, are two components of 
an alternate energy strategy which I believe would accomplish 
these two ends . * Both energy conservation and research into 
renewable energy technologies are discussed in the EM&R study. 



* The details as to how a transition might most effectively, 
with the minimum number of dislocations, be made from our 
fossil fuel/nuclear electric energy economy to an energy con- 
servation/renewable energy economy^ are impossible to deal with 
here. It is worth noting that coal , a non-renewable fossil 
fuel of which we have exceedingly large resources, combined 
with recent developments in environmentally "clean" combustion 
technology, might serve as a fossil fuel "bridge" to assist us 
in moving from our current dependency upon oil and natural gas 
over to a largely renewable energy future. 
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However, by comparison with the projected huge investments 
in conventional forms of energy, they are receiving only 
token and totally inadequate federal support. 

It is impossible, in this paper, to describe the immense 
potential that exists for addressing Canada's energy dilemma 
through energy conservation means. This country, like most 
industrial nations, wastes fully one-half of all the energy it 
consumes. A large number of recent studies have clearly in- 
dicated that by far the most cost-effective way of essentially 
increasing our energy resources is to stop wasting energy. 
Dollar for dollar, effort invested in energy conservation 
almost always results in substantially more energy being made 
available to society than similar investments in the develop- 
ment of new energy resources. To a very large extent, conser- 
vation is a "panacea" which could substantially reduce the 
projected short-falls in energy without adversely affecting our 
economy and our environment. The energy conservation studies 
to which I referred have indicated that there is an important 
potential for industry, not only in terms of implementing con- 
servation measures in-house but also in terms of the large 
market for new energy conservation technologies and products. 
I would like to emphasize that, in the alternate energy strategy 
which we are considering, effective energy conservation 
measures are the vital prerequisite for the successful 
development and implementation of renewable energy technologies. 

The concern is sometimes expressed that a widespread pro- 
gram of energy conservation could lead to adverse effects upon 
our economy. To hold this view is to confuse energy conser- 
vation with energy curtailment. Serious economic problems will 
not arise from a reduction in the amount of energy we waste. 
On the contrary, energy conservation is more likely to stimulate 
our economy than to adversely affect it . Serious economic con- 
sequences may well arise if, through failure to achieve effect- 
ive conservation measures, widespread energy shortages develop 
and enforced curtailment of energy use results. 

t See, for example, "A Time To Choose: America's Energy 
Future" by the Energy Policy Project of the Ford 
Foundation (1974). Ballinger Publishing Co. 
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The Nature of Renewable Energy 

What is the nature of our renewable energy resources? We are 
all familiar with our non-renewable energy forms such as oil, 
natural gas , coal and uranium, all of which exist in the 
earth's crust in finite amounts. As we have discussed, it is 
the imminent exhaustion of oil and natural gas which presents 
Canada with its energy dilemma . By contrast , renewable energy 
resources are , to all intents and purposes , inexhaustible , 
depending as many of them do upon the sun as their ultimate 
source of power. Renewable energy forms include , therefore, 
solar energy, directly in the form of light and heat from the 
sun , and indirectly in such forms as wind energy , wave energy 
and the energy of biomass. This latter energy form refers to 
the chemical energy locked within organic plant and animal 
materials, energy derived from the sun through the process of 
photosynthesis. A form of renewable energy which we are cur- 
rently harnessing is hydroelectric power, which today provides 
Canada with nearly 25% of its primary energy needs. Two other 
forms of renewable energy which are not directly related to 
solar power, tidal power and geothermal energy, hold consider- 
able promise for certain regions of Canada. In addition to 
their inexhaustible nature, the harnessing of our renewable 
energy resources , especially solar and wind energy, will have 
far fewer undesirable environmental consequences than is the 
case for fossil fuels or nuclear energy. 

There are a number of misperceptions about the potential 
which renewable energy resources have for contributing to 
Canada ' s energy needs . I would like to examine a number of 
these misperceptions or 'myths' and discuss some results of 
recent research on the potential for renewable energy in 
Canada. 

Myth #1: Canada does not have significant resources of re- 
newable energy . 

Fact : A recent study undertaken for Energy , Mines and 

Resources by Peter Middleton and Associates' to assess Canada's 

renewable energy potential indicates that this country is in 

+ "Canada's Renewable Energy Resources: An Assessment 
of Potential" by Peter Middleton and Associates, 
Toronto (1976) . 
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the fortunate position of having a substantial renewable 
energy resource base which, if combined with effective energy 
conservation measures and essentially existing tech- 
nology , could meet the majority of our energy needs . For 
example, the Middleton study indicates that in almost all 
locations throughout the most populous regions of the country, 
solar energy could provide up to 100% of the space and water 
heating needs of the residential sector of our energy economy. 
About 20% of all the energy consumed in Canada is employed in 
this sector to provide low— grade heat , a form of energy which 
solar energy is admirably suited to provide. Similar needs 
for low grade heat in the commercial and industrial sectors 
could also be met by solar energy . In f act , it has been 
estimated that about 50% of all end-use applications of energy 
in this country are for low— grade heat, at temperatures below 
150 C^ which are attainable with the most recent designs of 
solar energy collectors. 

About 25% of all our primary energy needs in Canada are 
currently being met by hydroelectric power, a form of renewable 
energy. It has been argued that by implementing effective con- 
servation measures and by restricting the use of electricity 
to those relatively few applications which absolutely require 
this high— grade form of energy -applications such as lighting, 
electronics , electrochemical processes and so on - much of our 
electrical energy need could be met with our existing hydro- 
electric power resources. There simply would not be a need 
for the huge nuclear electric power program which is presently 

being initiated. Coal and biomass materials, such as wood, 
could be used for the production of electricity to augment our 

hydro electric resources, where necessary. 

Additional amounts of electricity could be generated using 
wind power in those regions of Canada which possess favourable 
wind regimes . The province of Prince Edward Island , which cur- 
rently depends almost entirely upon OPEC petroleum for its 
energy well-being is seriously examining the possibility of 
using large wind turbines to drive electrical generators to 
produce substantial amounts of electricity for the electrical 
grid system in that province. The favourable, high-speed wind 
regime of Prince Edward Island^ combined with the fact that the 
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current costs of petroleum-generated electricity are exceed- 
ingly high, have produced a situation in which electricity 
generated from the wind appears highly attractive. ' 

About 25% of our total end-use energy is required in 
the form of high-grade energy by the transportation sector, 
almost totally in the form of petroleum products. Industrial 
methanol, produced from biomass materials including wood, 
crop wastes or indeed organic wastes of any nature , appears 
to offer one of the few attractive possibilities for powering 
our transportation sector in a post-petroleum era. Canada 
has an immense land area, much of which is heavily forested. 
This large, per capita, biomass resource, if properly managed, 
could provide us with a substantial proportion of our high- 
grade fuel needs. 

We have touched upon only a few examples which illustrate 
the huge potential for renewable energy resources. The evi- 
dence that is now available clearly indicates, by a proper 
matching of our energy needs with the appropriate renewable 
energy resource, that a major portion of all our energy re- 
quirements could be met from renewable energy resources.* 



* An important consideration in the future use of energy 
will be the careful matching of the energy form to the par- 
ticular requirements of the end-use application. For example, 
from the point of view of extracting the maximum amount of 
benefit from the energy resource, it is wasteful to burn oil 
or natural gas at temperatures in excess of 1000 F to heat a 
house which requires temperatures of 70°F. There exists, in 
this example, a clear mismatch between the energy form used 
and the end-use application. Another such example is the 
use of high-grade electrical energy for the heating of houses. 
Such low temperature applications would much more efficiently 
be met using a low- grade energy form, such as is obtainable 
from existing designs of solar collectors. 

T In addition to PEI , large areas of the Atlantic Provinces, 
the Prairies and British Columbia, and some parts of Quebec 
and Ontario , appear to have wind regimes appropriate for the 
generation of electricity from wind power. Relatively high 
winds are found off-shore in Lake Ontario and Lake Erie. Per- 
haps, in the future, numbers of large wind turbine electrical 
generators will be mounted on floats and moored some distance 

off-shore on the Great Lakes, with the electricity produced 
being transported to shore by underwater cable. 
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Myth #2: Renewable energy technology is either not developed 
or still highly experimental. 

Fact: While research continues in many areas of re- 
newable energy technology, as might be expected in the case of any 
rapidly developing modern technology, many forms of renewable 
energy technology are well in hand and are currently being 
manufactured^ for commercial sale, in the United States, Canada, 
and elsewhere throughout the world. In the case of certain 
other renewable energy technologies, the major developmental 
problems facing these technologies are of an engineering , not of 
a fundamental research nature. For example, the parliamentary 
secretary to the Minister of State for Urban Affairs recently 
commented as follows with regard to the use of solar energy in 
housing: 

There is no problem regarding the means of 
utilizing the heat of the sun for heating 
homes and providing other forms of energy. 
Solar homes have already been successfully 
built, and the essential technology for 
collecting, storing and distributing the 
sun' s energies is already in place. Refine- 
ments and improvements are yet to come , of 
course, but the essential fact is that we 
know right now how to use solar energy in 
a practical way. The major problem, then, 
is not a technical one . The real challenge 
is to increase public awareness of the po- 
tential of solar energy and to make its 
advantages available as quickly as possible 
for housing throughout Canada . + 

Canada, in a small way, has already assumed a world 

leadership role in the development and marketing of certain 

renewable energy technologies. In Toronto, Dominion Aluminum 

Fabricating Company, in collaboration with NRC, has developed 

and is marketing a "high speed , vertical-axis , wind turbine" 

for producing electricity^ in a variety of sizes ranging from 

a 3 kilowatt device to a 200 kilowatt turbine. This latter 

device which is presently being installed by Hydro Quebec on 

the Magdalene Islands, in the Gulf of St. Lawrence , is the 

wind generator which the Government of Prince Edward Island 

is currently examining. The technology for storing solar 

energy gathered during the hot days of summer for subsequent 

T Notes for Remarks by Jean-Robert Gauthier, MP, to the Canadian 
Association of Housing & Renewal Officials, Edmonton, Alberta, 
(May 4, 1976) 



- 308 - 



use in winter, thereby providing up to 100% of a residence's 
space heating requirements, has been pioneered by Professor 
Frank Hooper of the University of Toronto and is now being 
marketed by his company, Envirogetics . 

In the area of biomass energy, the utilization of v/ood 
wastes by pulp and paper companies, the development by CIL of 
techniques for the gasification of organic materials and such 
projects as the "Watts From Waste" program in Toronto are 
evidence of industry's growing awareness of the potential for 
activity in this area of renewable energy technology. 

In addition to the examples mentioned, there are a number 
of companies throughout Canada which are either manufacturing 
or importing renewable energy technology. However, the scale 
of this industrial and commercial activity remains very small 
when compared to the immense size of the potential market and 
the pressing need for the development of our renewable energy 
resources. 

Myth #3 : The economics of renewable energy technology are 
unfavourable . 

Fact : Today , in Canada, to heat a home by solar energy or 
to provide its electricity by means of a wind-powered genera- 
tor, would be expensive. It would, however, be a mistake to 
confuse these present costs , for what are essentially hand 
built, experimental prototypes , with the costs to which we can 
confidently look forward under a mass-production situation , 
We are, today, in the very early stages of a process of tech- 
nological innovation. The costs of renewable energy technology 
will remain relatively expensive until the full advantages of 
economies-of-scale through mass production and modern industrial 
fabrication, distribution and installation techniques are rea- 
lized. Nevertheless, in many situations in the United States 
and elsewhere in the world, at the present time, renewable 
energy technology can perform as cheaply as or more cheaply than 
existing conventional energy technology and does so in a manner 
unaffected by the rising costs associated with conventional 

T The extremely comprehensive ERDA (Energy Research & Develop- 
ment Agency) program in the US has, as its objective, the 
achievement of this mass-marketing/cost reduction situation. 
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energy forms. The Middleton study indicated that by 1979, 
making reasonable assumptions about the economies-of-scale 
which should have been achieved by that time, solar space 
heating will be economically competitive with electrical 
heating anywhere in Canada and will be competitive with oil 
heating in those areas of Canada characterized by long, cold 
winters with clear, sunny skies . 

We have already indicated that the high cost of elec- 
tricity produced from petroleum in the Maritimes has lead to 
a situation in which it would appear that electrical energy 
produced by large wind powered generators may well be competi- 
tive with electricity produced by conventional energy sources. 

Thus, while in 1976, we have a situation in Canada where 
renewable energy technology is relatively expensive , the very 
large efforts in the United States and elsewhere^ directed to- 
wards achieving the commercial development of renewable energy 
technology^ hold out the promise of a substantial reduction in 
the costs of these forms of technology in the near future. 

Myth #4 : The market for renewable energy technology is not 
a significant one. 

Fact: An examination of current Canadian energy-use patterns 
reveals the huge potential market for renewable energy tech- 
nology. In Canada there are presently about 7 million dwelling 
units, all of which must be heated. It is projected that an ad- 
ditional 3 million units will be constructed by the year 199 0. 
From the point of view of our alternate energy strategy, it is 
imperative that these homes be built to the highest energy con- 
servation standards. The addition of $400 to $1000 to the 
initial capital cost of these buildings could reduce their 
space heating needs by a factor of 50% as compared to exist- 
ing housing. Solar space heating could economically and 
technically supply much of the remaining space heating energy 
requirements. The potential new industry required to equip 
these 3 million new units, as well as to "retrofit" existing 
buildings with solar space heating equipment, is but one ex- 
ample of the immense economic possibilities presented by a 

+ In comparing the costs of renewable energy systems with 
conventional energy systems , the Middleton study employed 
a form of life-cycle costing called the 'user-cost' method. 
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transition from conventional energy technology to renewable 
energy technology. Applications for solar energy technology 
exist in both the industrial and commercial sectors where 
low-grade heat energy is required. In the United States, it 
has been estimated that by the year 2000, today's tiny solar 
energy industry may have developed into a $25 billion a year 
giant, roughly equivalent in size to North America's present 
electrical machinery industry. 

In a similar manner, a large potential market exists for 
renewable energy technology using wind energy or the energy 
derivable from biomass, in a variety of end-use applications 
throughout our energy economy. Already today, we see con- 
siderable efforts being devoted towards utilizing wastes for 
the production of useful energy. The "Watts From Waste 
Program" of Metro Toronto, in collaboration with Ontario 
Hydro is an example. Increasingly the pulp and paper indus- 
try is making use of the large amounts of wood wastes produced 
in their operations for the generation of both electricity and 
process heat . A number of large chemical companies are presen- 
tly investigating the potential for the conversion of biomass 
materials into low BTU gas for industrial applications or for 
upgrading into methane or methanol. 

Institutional Barriers 

The evidence which we have discussed strongly suggests that 
renewable energy resources can contribute significantly to 
Canada's energy needs. However, to do so in the short time 
frame facing us, appropriate technologies must be combined 
with energy conserving strategies and diffused rapidly, 
on a large scale, throughout a large and diverse array of 
energy end-use applications. In achieving this objective of 
rapid development and diffusion , the Canadian industrial and 
commercial sectors have a critical role to play. However, be- 
fore such a process of rapid diffusion can take place, there 
are a number of basic institutional problems which must be 
addressed. In short, the existence of a national need in the 
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energy sector does not necessarily result in the automatic 
existence of a national market for renewable energy tech- 
nology, and in turn, it may well be that without being able 
to perceive a potential market, the industrial and commer- 
cial sectors cannot begin to put the existing results of 
research and development activity on renewable energy tech- 
nology to work in the form of new products, processes and 
services for the public . 

A prerequisite for the successful introduction of re- 
newable energy technology into the marketplace is that a 
number of different institutions, including industry, must 
focus their attention and activity upon renewable energy 
technology and begin to work together successfully to create 
those conditions conducive to the rapid diffusion of this 
technology. A considerable amount of study, especially in 
the United States and recently at York University, has been 
given to this problem of how to bring about rapid, substan- 
tial innovation within society. The concept of a "Technology 
Delivery System" (TDS) has been employed to represent the 
complex processes by which a technical innovation can be 
introduced into the marketplace in the form of a new product. 
Figure 1, which is adapted from an article by Arthur A. Ezra^ 
outlines a possible TDS for the diffusion of solar space 
heating into the private housing market. 

A number of key institutional "actors" are identified 
in this model: 1. research and development performing in- 
stitutions such as universities , non-profit research insti- 
tutions and small R&D performing research companies . 2 . 
industrial and commercial institutions which manufacture and 
sell the products based upon the new technology. 3. lending 
institutions which play an important role in making funds 
available for the manufacture or the purchase of the products. 
4. government, both provincial and federal, whose ability 
to apply a variety of incentives at a number of points in 
the TD$ is critical in facilitating the interaction of the 
component institutions . 

■" "Technology Utilization: Incentives and Solar Energy" by 
Arthur A. Ezra: Science, Volume 187, 28 February 1975. 
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Before a new technology can reach the marketplace, in 
the form of a new product, on any significant scale, all 
of the components of the TDS must be in place and ready to 
accept it. A major institutional problem facing the im- 
plementation of renewable energy technology is that of 
bringing about this state of readiness. When a TDS does 
not exist, as is clearly the case for renewable energy 
technology in Canada today, then it must be deliberately 
created. Government involvement is critical in this crea- 
tion of a TDS if the rapid diffusion of renewable energy 
technology is desired. The present level of activity of 
government in the area of renewable energy is inadequate 
to achieve this goal . 

It is essential that industry begin to play a much 
more active role in the development and diffusion of renew- 
able energy technology . To date , only the most tentative 
involvement by industry in this technology exists and an 
immense amount of work must be done throughout Canada in 
developing the industrial component of the TDS . 

There is much that industry can do^ but two initial steps 
are critical. First^ an educational process must be 
undertaken. Corporate executives and product managers must 
become aware of the potential that exists in all areas of 
our economic system for renewable energy technology. Secondly, 
there is the process of informing government that you^ as an 
industry^ are interested in this technology and wish to parti- 
cipate in its development. An active lobby by industry for 
support in the development of renewable energy technology would 
be an exceedingly effective vehicle for assisting in its rapid 
diffusion. 

X would like to emphasize the importance of Canadian re- 
search and development initiatives in the area of renewable 
energy technology as opposed to the situation which often 
prevails of simply allowing the innovation and the product 
distribution system to enter Canada from abroad. The tech- 
nologies presently being developed in the United States and 
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elsewhere are not necessarily appropriate for Canadian 
requirements. Our climate and our energy needs are dif- 
ferent than in the U.S. More importantly, Canada currently 
enjoys a world leadership role in the development of cer- 
tain renewable energy technologies . If Canadian industry, 
as well as the other components of the TDS , does not 
awaken to the exciting possibilities associated with the 
huge potential for conservation and of renewable energy 
technology, we may well be missing out, both as an industry 
and as a nation. 

Conclusions 

It is generally conceded by energy researchers and by 
Canadian policy makers that, as our fossil fuels run out, 
we will be forced to rely on our essentially limitless re- 
newable energy resources . However , the current perspective 
of the federal and the provincial governments (with the impor- 
tant exception of the Government of Prince Edward Island) is 
that "the development of such alternative energy sources can 
contribute relatively little in terms of total energy supply 
over the next fifteen years". While this may or may not be 
the situation, it is certainly true that no comprehensive 
study has been undertaken to substantiate this statement or 
to examine in detail what indeed might be the contribution 
of renewable energy resources to our total energy supply if 
they were the focus of a major effort comparable to that 
presently under way in the development of new oil and gas 
resources. If you recall, the federal government has pro- 
jected investments of $180 billion during the next fifteen 
years in our continued development of conventional energy 
resources. By comparison, in 1975-76, research expenditures 
by the federal government on all renewable energy resources 
(hydro and tidal, solar, wind, geothermal and biomass) , were 
$1.6 millions with an additional $1.0 million being budgeted 
for 1976-77. Moreover^ it must be expected that during the 

» EM&R Report: "An Energy Strategy for Canada", p. 4 
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The importance of an iiranediate commitment to a serious 
renewable energy program is underscored by the observation 
that, historically, about thirty to fifty years have been 
required to bring about the transition of our country's ener- 
gy system from a major dependency upon one form of energy over 
to a different energy form. The existing shortages of petro- 
leum suggest that serious energy conservation efforts and the 
development of our renewable energy resources ought to have 
begun at least a decade ago. 

In summary, a difficult decision regarding the nature 
of energy-use patterns faces Canada and the industrialized 
nations of the world. This decision is of fundamental impor- 
tance to our social and economic well-being. One possible 
energy strategy which is open to Canada would involve the 
dedicated pursuit of energy conservation and the rapid de- 
velopment of renewable energy technology. This course of 
action would be directed towards achieving a transition of 
our energy economy away from a dependency upon fossil fuels 
to a renewable energy resource base . A second possible energy 
strategy would concentrate the majority of its efforts on a 
continued search for new resources of fossil fuels and the 
construction of nuclear power plants. This second course of 
action would thereby increase our existing dependency upon 
these conventional energy forms. The consequences for Canada 
and the position in which we will find ourselves, in thirty 
years, are fundamentally different, depending upon which 
energy strategy is undertaken. A pursuit of the second strat- 
egy would , in all likelihood , preclude any serious pursuit of 
the first. 

I believe that the available evidence, when carefully and 
comprehensively weighed, within the time perspective of the 
next three decades, points to the energy conservation/renewable 
energy strategy as being the more desirable. Without the whole- 
hearted support and involvement of the manufacturing and com- 
mercial sectors of our nation in the development, large-scale 
production and distribution of the necessary technology, the 
achievement of this desirable energy strategy will not be 
possible . 
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WOOD WASTES TO ENERGY 

A CENTRAL FACILITY FOR A TOWN IN NORTHERN ONTARIO 

Wood waste in the area of Hearst, a small town in northern Ontario 
with five sawmills and a plywood plant located within a thirty mile 
radius, is presently disposed of by burning in natural draft teepee 
burners which emit smoke and odours. Municipal refuse is disposed 
of in an unacceptable landfill. A study has been carried out to 
determine the technical and economic feasibility of building a cen- 
tral facility to cleanly dispose of the wood and municipal waste in 
the Hearst area and by so doing to produce energy. The various 
available technologies for a central facility (e.g. gasification, 
steam and electricity generation) are evaluated and described. The 
study indicates that available waste can generate 250,000 Ibs/hr of 
medium pressure steam which could supply steam heat to several near- 
by industries and municipal buildings (churches, schools, hospitals, 
arenas, etc.) enough electricity (12MW) to serve the town of Hearst 
and excess energy which could be utilized elsewhere, e,g., indoor 
swimming pools, greenhouses and/or sold to Ontario Hydro, A back 
pressure turbine with a conventional boiler is recommended. The 
economic analysis indicates that such a central facility could pro- 
vide energy at a savings over the price currently being paid for 
power. 
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WOOD WASTES TO ENERGY 
A CENTRAL FACILITY FOR A TOWN IN NORTHERN ONTARIO 

by 
Dr. C. D. Burnham 
D. B. Webber and D. K. Murdoch 



This paper presents the results of a study carried out to examine the 
technical and economical feasibility of using wood smd municipal wastes 
generated in the Hearst area as an energy source. 

The study was unique in that a number of interested parties cooperated 
in its financing. These groups included the Town of Hearst, the Hearst 
Lumbermen's Association and the Ontario Ministries of Environment and 
Energy . 

The idea of using the wastes as an energy source was conceived because 
the seven forest products facilities in the area are faced with ever- 
increasing energy costs, as well as possible restrictions on energy 
supply in the future. In addition they have the problem of disposing 
of their wood wastes in an environmentally acceptable fashion. The 
old-fashioned teepee burners are no longer considered acceptable. Also, 
the town of Hearst uses a landfill site for municipal refuse which is 
difficult to operate acceptably. 

Hearst is a lumber town with a plywood and particleboard plant as 
well as two sawmills. There are three other sawmills within a 30-mile 
radius. An additional sawmill 90 miles away at Hornepayne was included in 
the study since trucks which presently carry wood chips from Hearst to 
Marathon via Hornepayne make the return trip empty. 
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INTRODUCTION (cont'd) 

Hence it is conceivable that wood waste could be hauled fairly cheaply 
from Hornepayne to Hearst. Figure 1, shows a general map of the cirea and 
indicates the relative locations of the forest products facilities to the 
town of Hearst. 

MATERIAL AND ENERGY BALANCE 

Our first obvious task was an estimation of the balance between the 
waste quantities and Btu contents with the actual quantities of energy 
presently consumed within the Hearst area. Using figures on estimated 
production supplied by the mills to the Ministry of the Environment 
in Timmins , as well as practical experience of waste quantities from 
such operations, the following quantities of wood waste were estimated 
for the year 1976: 



Source Breakdown 
Bark 

Sawdust 
Solid Wood 
Miscellaneous 



Oven Dried Tons/Year 
72,000 

50,000 
40,000 
17,000 



Total 



179,000 



The solid wood fraction includes planer ends, trims, butt ends, limbs 
and branches reaching the mills. The miscellaneous category includes 

sweepings, shavings and Scinder dust. 
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MATERIAL AND ENERGY BALANCE (cont'd) 

The estimated quantities of wood waste did not include wood chips, 
which are sold to the paper industry by the mills. Also, only 40% 
of the waste available from Newaygo Timber in Mead was included, as 
this mill consumes the remaining waste in its own energy generation 
facility. The Btu values used for the mixed wood quantitites was 
8,000 Btu/lb. There is evidence in the literature that a combined 
Btu value for the bark, sawdust and solids is probcibly closer to 8,700 
Btu/lb of bone dried solids. However, we chose to use a conservative 
figure for the potential Btu content of the waste. In addition, the 
moisture content of the wood waste was assumed to be 50%. 

For municipal refuse, about 10 tons/day is picked up under contract 
to the town of Hearst. An additional estimated 10 tons/day is disposed 
of in the existing landfill site on contract from the larger industries 
and by residents living outside the town limits. An average of 
5,000 Btu/lb of refuse with a moisture content of 40% was assumed. 

Data on energy demand and consumption were obtained from those users 
in the Hearst area who could effectively be served by a central energy 

conversion plant. The two main forms of energy presently being used 
are natural gas and electricity. Natural gas is distributed directly 
to the users by Northern and Central Gas. The Hearst Public Utilities 
Commission (P.U.C.) distributes electricity supplied to it by Ontario 
Hydro to residential and industrial users within the boundaries of 
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MATERIAL AND ENERGY BALANCE (cont'd) 

Hearst. Ontario Hydro distributes directly to users outside the 
boundaries of Hearst. 

From a close up of the town of Hearst (Figure 2) it can be seen that 
the institutional and municipal buildings are all reasonably close to 
each other and that the three forest products complexes - Levesque Plywood, 
United Saw Mill and Levesque Liomber Ltd. are also nearby. 

The existing natural gas cind fuel oil heating systems could be replaced 
by a number of alternatives such as steam, circulating hot water, 
electricity or synthetic gas. There is no really suitable replacement 
for the bulk of the electrical energy used other than electricity itself. 

From the reported consumptions of natural gas and fuel oil of the 
industries and the institutional buildings, peak demcind was projected 
and the total natural gas and the equivalent fuel oil consumption was 
estimated at approximately 614 million cu.ft. annually from 1973 to 1975. 
From the consumption figures and their monthly variations, the sum of 
hourly peak loads was calculated at 344 MCF/hr. Translating this into 
a natural gas equivalent steeim requirement gives approximately 220,0001b. 
steam/hr allowing for the thermal efficiency of gas burning equipment. 
Thus the 220,000 Ib/hr forms a basis for sizing the thermal energy 
conversion facility. 
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MATERIAL AND ENERGY BALANCE (cont'd) 

The electricity demand level in 1976 was estimated to reach a peak of 
10.66 MW and to rise by 1980 to 15.68 MW. Assuming that certain smoothing 
of peak demand can be implemented, or that peak power can be purchased 
for short periods from Hydro, the capacity of 12 MW was chosen for the 
proposed energy facility. 

STUDY CRITERIA 

Throughout the study a conservative approach was adopted, from the 
Btu values and moisture contents assumed for the wastes, to the estimates 
of capital and operating costs. Also, a number of criteria were 
established at the outset of the study. The technical criteria for 
selection of the system were that it should: 

use efficiently the waste wood and refuse quantities 
available, 

use established technology and readily available equipment, 
achieve a high load factor, representing maximum utilization 
of the installed equipment and therefore minimum capital cost, 
- meet environmental regulations . 

In addition it is conceivable that alternative uses for the wood residue 
may become viable in the future. Hence it was decided to use as a 
design criterion only up to 80% of the calculated available wood waste 
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STUDY CRITERIA (cont'd) 

i.e., under 138,000 oven dried tons/yr. 

The economic analysis was computed in 1976 dollars excluding inflation. 
Where prices were expected to increase more than could be expected by 
inflation, such as in the case of energy prices, this increase was 
taken into account. Based upon current rates and costs obtained from 
Oiitario Hydro, Hearst P.U.C. the Hearst Lumbermen's Association and 
Northern and Central Gas, as well as escalation rates calculated from 
data supplied by Ontario Hydro, a set of prices was assumed for the 
study, as shown in Table 1. This is the cost of energy in 1976 dollars, 

The actual energy prices in 1976 dollars are shown in Table 2. The 
distinction must be made between the cost of producing energy and 
the rates or price at which it is sold. 

AVAILABLE ALTERNATIVE 

Wood waste and municipal refuse can be utilized for energy recovery 
in a number of environmentally acceptable ways. For this study the 
following options which yield thermal and electrical energy were 
considered as alternatives to acceptable disposal with no energy 
generation : 
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AVAILABLE ALTERNATIVES (cont'd) 

low pressure steam generation 

- medium pressure steam and electricity generation 
electricity generation 

- synthetic gas production. 

The energy demands met and the thermal efficiency of conversion are 
both functions of the system chosen. Hence the proportion of waste 
utilized to generate useful energy is dependent upon the option 
considered. Therefore, the percentage of waste used in each energy 
generation process will be indicated as each system is described. 

OPTION 1 - LOW PRESSURE STEAM 

In the low pressure steam generation option, waste would be trucked 
to a central facility, the wood waste hogged and municipal refuse 
shredded. The waste fuel would be fired in a conventional steam 
generator producing low pressure steam for distribution to industry 
and to the institutional buildings previously identified. Such a 
system could generate 250,000 Ib/hr of saturated steam of 150 psig 
to replace the present natural gas demand and consumption of the 
identified users. A piping system for distribution of the steam and 
return of condensate, together with terminal equipment such as heat 
exchangers and steam injectors at the users' plants to convert 
existing heat loads to accept heat in the form of steam, wouJd be 

integral parts of this installation. 
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In addition to the waste fuel firing equipment, the boiler would be equipped 
for natural gas firing to permit steam production during periods of non- 
availability of waste or breakdown of waste preparation equipment. 

In the case of breakdown of the boiler or key piping system comE>onents, the 
steam users would resort to their existing heat energy sources which would 
be retained in working order to provide this standby function. A condenser 
would be provided to enable excess steam generated from wood waste to be 
disposed of. This would allow the plant to be used for incineration 
independently of the energy conversion requirements. Since the flow in the 
nearby river was not judged to be an adequate source of cooling water cm 
air-cooled design was assumed for the condenser. 

This option would use only 30% of the available waste, i.e. 55,000 oven 
dried tons/yr of wood waste to replace 700, DOOM cu ft/yr of natural gas. 

OPTION 2 - MEDIUM PRESSURE STEAM AND ELECTRICITY GENERATION 

In the medium pressure steam and electricity generation facility, waste 
would be trucked to the facility as described in the low pressure stecun 
option. In this case the steam generated would produce medium pressure 
superheated steam which could be passed through a back pressure turbine 
exhausting to the steam distribution system. Such an installation would 
produce 275,000 Ibs/hr of steam at 650 psig and 700 F passing through a 
12 MW turboalternator feeding electrical power into the Hearst P.U.C. 
system. Exhaust steam would be distributed to industry and institutions 
at 50 psig. 
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OPTION 2 - MEDIUM PRESSURE STEAM AND ELECTRICITY GENERATION (cont'd) 

This system would use 138,000 oven-dried tons/yr or just under the 80% 
of the available waste to generate 60,000 MWH/yr steam equivalent to 
700,000 MCF/yr of natural gas. 

OPTION 3 - ELECTRICITY GENERATION 

In the electricity generation option, a central plant consisting of a 

high pressure boiler supplying steam to a condensing turbine could be 

built. The system would be sized to generate 250,000 Ibs/hr of steam 

of approximately 900 psig at 900 F to drive a 25MW turboalternator. 

The Hearst P.U.C. load would be met and a considerable excess of electrical 

power would be available for export to Ontario Hydro. No thermal energy 

would be produced. Thus the scheme would do little to reduce the natural 

gas demands of the town, and it would rely very heavily on revenue from 

sales of power to Ontario Hydro. This plant is sufficient to use all 

the available waste, assuming Ontario Hydro would buy all of the energy 

generated. 

OPTION 4 - GASIFICATION 

In the gasification option, waste would be brought to a central facility 
and fed to a gasification plant consisting of a number of modules operating 
in parallel. The low heating value gas (200 Btu/SCF) obtained would be 
scrubbed and a fraction of it used to incinerate the liquid products of 
reaction. The remainder would be available for distribution to the 
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OPTION 4 - GASIFICATION (cont'd) 

industrial users of heat for fuelling internal combustion engine-driven 
electricity generators and for firing a boiler plant. Thus, the gasifi- 
cation process would generate electricity to feed the Hearst P.U.C. and 
would generate steam to serve the institutions. Use of the manufactured 
gas itself to replace natural gas is limited because of the low Btu content 
of the gas and because it would be difficult to distribute the relatively 
low pressure gas through cm extensive piping distribution system. Thus, 
it was decided to use the gasification option to produce both steam and 
electricity, meeting the projected thermal energy demands and providing 
fuel for a 12MW generator station. This option would use 84% of the 
available wood waste. 

ACCEPTABLE DISPOSAL, NO ENERGY GENERATION 

For purposes of comparison, acceptable disposal with no energy generation 
was considered to be improved conical incinerators with supplemental fuel 
for the wood waste and a properly designed and operated sanitary landfill 
for the municipal refuse. 

COST ESTIMATES 



For the purposes of comparing the above alternatives, capital cost estimates 
of _ 20% were developed. Capital cost estimates included costs of land, 
mechanical equipment, piping, electric power eind lighting, instrumentation 
and controls, civil works, installation and field erection, contingency 
and project management services. 
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COST ESTIMATES (cont'd) 

In addition, operating cost estimates were developed including fixed annual 
costs, i.e. those costs that do not vary directly with the quantity of wood 
waste consumed and hence with the energy produced. These fixed annual costs 
included salary and wages of personnel, replacement parts, auxiliary gas or 
oil for burner start-up and for emergency steam production, electricity 
regularly used in the operation of the plant, standby fixed charges from 
Ontario Hydro, standby usage charges from Ontario Hydro and miscellaneous. 
Variable costs, i.e. the costs related directly to the quantity of residue 
used included transportation of wood residue, purchase of wood residue and 
disposal of ash. 

The purchase of wood residue was a particularly touchy problem. For purposes 
of this analysis it was assumed that the waste was picked up at the mills 
free of charge. It is conceivable that the wood waste may someday have 
an alternative value. Alternative uses other than in the paper industry 
do exist, but they currently have relatively restricted markets although 
this situation may change. On the other hand, the disposal of wood waste 
without any energy generation would cost the mill operators something today, 
based on the costs of environmentally acceptable disposal. Hence one might 
consider that the wood residue has a negative value today, i.e., that one 
should pay for disposing of it. The cost of transportation of waste 
was established at S1.50/ODT within the town of Hearst and $3/0DT within 
the Hearst district, an average of 25 miles. 
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COST ESTIMATES (cont'd) 

The cost of disposal of ash from the energy generation facility was 
calculated at $8.50/ton. This is assuming fairly stringent conditions for 
disposal of the ash, and includes both the trcinsport and landfill cost. 
Transport cost was assumed at $1.50/ton assuming that suitable land could 
be found for disposal within the boundaries of Hearst. The landfill costs 
Were assumed to be $7/ton. It is likely that this cost of disposal could 
be reduced to within the order of 53/ton for the landfill portion. 

Costs of acceptable disposal of both wood waste and municipal refuse without 
energy generation were also estimated. For municipal refuse, disposal costs 
were assumed to be $7/ton by acceptable methods. For acceptable wood waste 
disposal, a capital cost of $150,000 was used for an accepteible teepee burner 
with supplementary fuel. The amortized annual cost was thus $20,000/yr. 
Annual operating costs were estimated at about S44,000/yr. yielding a 
disposal cost of $l/ton to $1.50/ton depending upon whether the burner was 
operated on a continuous basis or not, 

ECONOMIC ANALYSIS 

To establish the viability of the proposed plant, the criterion of internal 
rate of return of the project was used to compare the various options. The 
internal rate of return is the rate of interest, or discount rate, at which 
the present value of the future annual net revenues is exactly equal to the 
capital cost of the project. This must be between 4 to 5%, excluding 
inflation, to be acceptable. Including inflation, the rate would have to 
be 9,75 to 10.5% to be acceptcible, 
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ECONOMIC ANALYSIS (cont'd) 

The life of the project for economic purposes was assumed to be 20 years, 
i.e., a 20-year amortization was used. The rates of return obtained for 
the various options are shown in Table 3. 

High and low costs in the table refer to high and low estimates of operating 
costs. Certain assumptions were made with regard to operating costs. If 
certain savings could be made in the operating costs, the rate of return 
would of course be improved. 

As can be seen, options 2 and 3, medium pressure steam plus electricity 
generation and electricity generation offer the two best rates of return. 

Table 4 indicates the degree to which each of the options respects criteria 
other than economic. Only option 2, is considered acceptable for all of 
the criteria, i.e., using less than 80% of the wood residue available, 
using proven technology, environmental acceptability and efficient energy 
conversion. It is not considered efficient energy conversion to produce 
electricity solely for sale to Ontario Hydro. We considered it preferable 
for the town of Hearst to be self-sufficient in its energy needs, exporting 
only electricity not useable by Hearst to Ontario Hydro. 

DETAILED ANALYSIS OF SELECTED OPTION 

Having selected steam and electricity as the most viable option from 
a technical and economic point of view, this alternative was developed 
and examined in greater detail. 
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DETAILED ANALYSIS OF SELECTED OPTION (cont'd) 

A potential site was selected, flow diagrams, a site plan, a general 
arrangement and a perspective of the energy conversion facility were 
prepared. These drawings are, of course, only conceptual at this stage. 
Should the project proceed, detailed engineering would have to be carried 
out. 

Based on the conceptual design, the original estimates were refined and a 
more detailed economic analysis was carried out. 

SITE SELECTION 

Within the constraints of the local geography and proposed technology, the 
criteria for site selection included: 

« proximity to centroid of thermal load to minimize piping runs 

■'-r- good road access 

-? adequate area for wood waste storage 

level ground 
- conformity with Hearst Town Plan 
availability of property. 

Several potential sites were examined and a tentative location (confidential) 
was chosen. 
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CAPITAL COSTS 



The capital cost of the project was estimated to be $15,200,000 10 to 15%. 



LIFE OF THE PROJECT 

The technical life of the plant in terms of desirability of equipment was 
judged to be in excess of 30 years. Since the economic life could be 
shortened by the development of more lucrative uses for wood waste, a 
project life of 20 years was used for the economic analysis. 

DETAILED ECONOMIC ANALYSIS 

A more detailed economic analysis of the steam and electricity option was 

caxried out to determine the anticipated rate of return under various 

scenarios of operating costs, quantities of electricity sold, disposal 
charges, and the effects of inflation. 

The effects of different energy price levels, as well as the levying of 
a disposal charge, and quantities of energy sold on the rate of return 
(excluding inflation) and the payback period are indicated in Table 5* 
The results indicate a reasonable likelihood of attaining a rate of return 
in the order of 5 to 8%. 

With inflation taken into account, our analysis indicated that the internal 
rate of return increased to 9*3% with no disposal charge and to 10*a% when a 
disposal charge is included for the wastes. Hence the viability of the 
project improves when inflation is considered. 
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OWNERSHIP 

Four ownership possibilities were evaluated against the following criteria: 
compliance with public utility regulations 
qualification for tax exempt status 
- guarantee of supply of wood wastes 
protection of public interest. 

The results, as shown in Table 6, indicate that the most attractive option 
is that of ownership by the Hearst P.U.C. with possible minority holdings 
by the principal beneficiaries of the project, namely the industries. This 
option would meet public utility regulations, guarantee the public interest 
and tax exempt status. However, it would require a guarantee of waste 
supply by the participating mills. 

FINANCING 

A number of financing possibilities were investigated. It was concluded that 
grants and guaranteed loans were required to allow the energy system to 
operate on a sound financial footing. 

The proposed split in funding is as follows: 

Town of Hearst and Hearst Lumbermen's Assoc, industries 20 - 30% 
Grants 20 - 30% 

Guaranteed Loans 40 - 60% 

The actual proportions will depend upon a detailed study of available grants, 

the approval of these grants, and the results of negotiations between the 

interested parties. 
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TO SUM UP : the study has indicated that the rate of return for the project 
would be just adequate to justify support by the Provincial Government. 
However, as we have indicated all along in the study it is anticipated that 
a number of improvements could be made which would improve the rate of 
return even further. 

PLAN OF ACTION 

This is just the beginning. To proceed any further with this project would 
require commitments from the waste suppliers and Ontario Hydro, among others, 

Table 7 lists the actions required for implementation of the project. 
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TABLE 1 



Cost of Energy 
(1976 dollars) 



Source 



Year 



1976 



1980 



Electrical Generation (Province Wide) 

Natural Gas (wholesale) 

(cost in Hearst) 

Wholesale Electricity Purchase 
by Hearst 



12.0 mils. 15.0 mils, 



$1.20/MCF 

$1.50/MCF 



$1.92/MCF 
$2.25/MCF 



15,0 mils. 19.5 mils, 
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TABLE 2 



Energy Prices 1980 
(1976 dollars) 



Energy 



Price 
High Low 



Natural Gas (wholesale) $1.80/MCF 

(cost in Hearst) $2.00/MCF 

Electricity: Generation 

Cost 15.0 mils. 

P.U.C. Wholesale Rate 19.5 mils. 



$1.45/MCF 

$ 1 . 80/MCF 

12.0 mils. 
17.5 mils 
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TABLE 3 

SYSTEM EVALUATION 
RATES OF RETURN 



o 



m 



RATES OF RETURN - t 



SYSTEM 



REVENUE 



COSTS (1) 



oiSp. Charge 



(2) 



65,000 MWH 
15 mf Is 



HIHH 



No Yes 



STEA,*^ 



2. STEAM + ELECTRICITY 



3. ELECTRICITY 



A. GAS + STEAM + ELECTRICITY 



LOW 



85,000 MWH 
15 m f 1 s 



No Yes 



-I 



HIGH 



No Yes 



-3 



5 



LOW 



No Yes 



Notes: (1) Costs HIGH and LOW refer to variations in operating costs. 

{2) No and yes indicates rates with and without a disposal charge levied for the waste. 



TABLE 4 

GENERAL 
SYSTEM EVALUATION 



OPTION 



CRITERIA 



STEAM 



2. STEAM 

+ 

ELECTRICITY 



3. ELECTRICIT/ 



li. ga5ificatic:j 






WOOD RESIDUE <. 80'i USED 



PROVEN TECHNOLOGY 



ENVIRONMENTAL 
- ACCEPTABILITY 



EFFICIENT ENERGY 

CONVERSION 



Good 

Q Moderate 

O Poor 

— Negative 



TABLE 5 

Steam and Electricity Option 
Detailed Analysis of Rate of Return 



ENERGY SOLD 


RATE OF RETURN 


PAYBACK 


Revenue 


Med I um 


PERIOD 
(years) 


Costs 


High L 


Dw 


Charge 


No 


Yes No 


Yes 


Max. Min. 


Steam (Gas Equi v. : 










700,000 MCF) 












Plus 












65,000 MWH 




3.5 5.0 6.5 


8.0 


1^ 


9 


75,000 MWH 




k.O 6.0 7.0 


9.0 


13 


8 


85.000 MWH 




5.0 7-5 8.0 


10.0 


12 


8 


65,000 MWH --■= 




5.5 


7.5 8.5 


10.0 


-- 


- 



Revenue : Medium, Gas/Steam $ I.80/MCF 

Electricity $ 17. 55 mi Is 

Costs : High: $ 1 ,036,000. /yr 
Low: $ 660, 000. /yr 

Yes = Disposal Charge of: 
Municipal : $ 20,000. 

Industries:$ 1 . 50/ton 

No = No Disposal Charge 

■■- Revenue at: Gas/Steam: $ 2.00/MCF 
Electricity: 19-5 mi Is. 
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TABLE 6 



OWNERSHIP OPTIONS AND CRITERIA 



Public Util. Regulations 
Public Interest 
Tax Exemption 

Waste Supply 



HEARST 




THIRD 


PUC 


PUC 




PARTY 


+ 


90% 


HLA 


(PUBLIC) 


HLA 


• 


- 


# 


3 


m 


- 


^ 


O 


m 


- 


9 


- 


o 


e 


O 


o 



O Positive 
O Possible 
3 Dependent upon details of scheme 

Negative 
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TABLE 7 



RECOMMENDED PLAN OF ACTION 



1. Obtain commitments from participants, including waste suppliers, 
Ontario Hydro, Hearst P.U.C., energy users and the Hearst Lumbermen's 
Association. 

2. EstaUslish a steering committee authorized to make and execute decisions, 

3. Negotiate funding with appropriate government agencies, 

4. Establish and incorporate organization, 

5. Confirm design criteria for the facility. 

6. Sign agreements with the participants. 

7. Carry out additional technical and economic investigations required 
(e.g. soil conditions etc.). 

8. Confirm site location and obtain site. 

9. Place contracts for engineering and construction of the facilities 
(including stecim distribution system and energy conversion facilities 
at user locations) . 

10. Talceover constructed facility. 

11. Operate and manage facility. 
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WASTEWATER TREATMENT AND OIL RECLAMATION 
AT GENERAL MOTORS, ST. CATHARINES 



In April 1974, the Liquid Waste Treatment Plant located at the 
Axle Plant in St. Catharines, Ontario, became operational. All 
industrial process waste from the Axle and Engine Plants is 
treated at this three million dollar reclamation facility. Over 
270,000 gal. of liquid waste which consists chiefly of various 
used oils, greases, washing chemicals and process water are 
treated per day. The functions of the treatment plant are three- 
fold: (1) to separate the petroleum products from the water phase 
via the 'acid-alum process', (2) to remove pollutants from the 
water in compliance with Regional and Provincial laws & (3) to re- 
move contaminants present in the separated oil, reclaim and re- 
cycle these oils back to the manufacturing plants. The chemically 
treated water is discharged to city sewers; whereas, the reproces- 
sed oil is blended with various additives making it suitable for 
in-plant use. At present, over 225,000 gal. of soluble oil concen- 
trate and 100,000 gal. of cutting oil are annually produced at this 
reclamation plant at economical prices. Experiments currently in 
progress indicate the feasibility of formulating hydraulic oil from 
CM, reclaimed oil. 




by 



ROSS E. JOHNSON JR. 

Engineer 
Central Plant Engineering Department 
General Motors of Canada 
St . Catharines , Ontario 



Mr. Johnson graduated from the Univer- 
sity of Guelph in 1969 with an Honours 
B.Sc. degree in Marine Biology and in 
1972 with a M.Sc. in Aquatic Biology. 
During the summer months of his univer- 
sity career he conducted biological sur- 
veys while employed by the Ontario Water 
Resources Commission. Upon graduation 
he was hired by General Motors of Canada 
and is presently the Chemist at the com- 
pany's Liquid Waste Treatment Plant in 
St. Catharines. In this capacity he is 
responsible for the various chemical 
processes and development of additional 
reclaimed petroleum products at this 
treatment facility. 



- 345 - 



WASTE WATER TREATMENT AND OIL RECLAMATION 
AT GENERAL MOTORS OF CANADA LIMITED 
ST. CATHARINES AXLE PLANT 



by 
Ross E. Johnson Jr. 



In April 1974, the Industrial Waste Liquid Treatment Plant 

located at the Axle Plant in St. Catharines, Ontario, became 

operational. Prior to the construction of this treatment facility, 

all the liquid waste from the Axle Plant was separated into one of 

three different sewer systems: 

1- Sanitary Sewers - waste is discharged to the Regional Niagara 
Treatment Plant. 

2. Storm and Cooling Sewers - waste is transferred to a containment 
pond at the Axle Plcint prior to discharge into the Twelve Mile 
Creek. 

3. Process Sewers - waste is pumped into the Waste Liquid Treatment 
Plant before being discharged into the City sewer system. 

Prior to April 1974, heavily contaminated process waste 
was either transported to oil reclaimers or to approved disposal 
sites. However, this resulted in high haulage costs and the loss of 
a much needed oil source. These factors, in addition to our concern 
for protecting the environment, precipitated the design and 
construction of a water treatment and oil recovery plant at St. 
Catharines. 

All industrial process waste from both the Engine and 
Axle Manufacturing Plants is treated at this three million dollar 
reclamation facility. Over 270,000 gallons of liquid waste are 
processed per day. This waste consists chiefly of various used oils 
(example - water soluble, hydraulic, cutting and quench oils), 
greases, washing chemicals and process water. 
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The functions of the treatment plant are three- fold: 

1. Separate the petroleum products from the water phase via the 
"acid-alum process". 

2. Remove pollutants from the water in compliance with Regional 
and Provincial laws. 

3. Remove contaminants present in the separated oil, reclaim 
and recycle these oils back to the Manufacturing Plants. 

The process waste collected from the Engine Plant is 
trcinsported approximately five miles to the treatment plant via 
5,000 gallon tank trucks. An overhead pipe trestle conducts 
liquid waste in addition to steam, condensate and compressed air 
from the Axle Plant to the reclamation centre. 

The oily waste from both plants passes through two 
circular rotary sieves which contain a heavy gauge wire screen 
to separate large sized particles. After these solids are removed, 
the waste is pumped into one of three large 450,000 gallon holding 
tanks. While one tank is filling, the contents of the second tank 
are treated; whereas, the third storage tank is on standby. 

Upon filling a holding tank, the waste is stored under 
quiscent conditions for at least one to two days. This permits the 
"free" or unemulsified oil to rise to the surface and be skimmed off 
into two oil storage tanks. This material is called "skim oil". 
After skimming, the remaining waste may be mixed to prevent stratifi- 
cation by introducing compressed air into the bottom of the storage 
tank. 

The heavier emulsified oil, located below the skim oil, 
is pumped at a rate of 400 g.p.m. into alum tank #1. This tank is 
a 4,000 gallon fibreglas vessel. The pH of the alkaline waste is 
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lowered to 4.5 in this tank with the addition of sulphuric acid 
and liquid alum. These two chemicals split the emulsion enabling 
the oil to combine with the alum to produce a floe. Since floe 
formation and its subsequent separation from the water phase is 
enhanced at a higher pH , the oily waste flows by gravity into alum 
tank #2 where caustic soda (sodium hydroxide) is added to raise 
the pH to 6.0. 

Because floe consists chiefly of alum, oil and suspended 
solids , the function of the next step of the process is to remove 
these floe particles from the water. This separation is accompli- 
shed in two floatation tanks with the aid of dissolved air and a 
polyeleetrolyte. When air under pressure is released into the 
bottom of each floatation unit, tiny air bubbles are formed. As 
these bubbles unite with the floe particles, their buoyancy is 
increased. This causes the floe to float to the surface and 
separate from the water phase at a rate much faster than normal. 
Addition of an anionic polyeleetrolyte causes the floe particles to 
aggregate together to form long chain-like structures which 
facilitates floe removal. The floe layer, which is also called 
"scum oil", is removed into two storage tanks from the floatation 
units by means of an electrically- timed skimming mechanism. 

The fluid below the scum oil in the floatation tanks is 
clean water which flows by gravity into a 420,000 gallon clarifier. 
Materials having a specific gravity less than water will float to 
the surface and be removed by a skimmer; whereas heavier than water 
particles will sink to the bottom. The clean water discharged from 
the clarifier flows into the City sewers and receives additional 
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treatment at the Port Dalhousie Pollution Control Plant. 

At present it is uneconomical to recycle the treated 
water from the clarifier back to the Axle Plant. However, 
increasing water costs will make water reclamation and re-use 
feasible in the future. 

The composition of the process waste varies continuously 
depending upon the type of material discharged from the two 
Manufacturing Plants. As a result, the oily waste being treated 
is analyzed several times throughout the day using the "jar test" 
procedure. Results of these tests allows the operator to select 
the optimum concentration of the various water treatment chemicals 
As an example, if the waste contains a higher than normal per- 
centage of emulsified oil, more alum and polyelectrolyte may be 
required. 

To ensure that the effluent from the clarifier is clean 
and conforms to the By-law , the water is monitored for pH , oil 
content and suspended solids (Table 1) . To demonstrate the high 
quality of water originating from this plant, a 30 gallon aquarium 
was filled with water from the clarifier. This tank was stocked 
with 15 different tropical fresh water fish species. Normal 
behaviour and mortality have been observed among the fish popula- 
tion during the 10 months of its existence. 

The skim and/or scum oil are pumped into one of three 
4,000 gallon oil reactors. Concentrated sulphuric acid (1-2% by 
volume of tank contents) and a proprietary mixture (1-2% by 
volume of tank contents) containing polymers cind surfactents are 
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mixed with the oil. The resultant mixture is heated by steam 

coils to 180-200°F and allowed to settle undisturbed with the 

heat off for 8-12 hours. During the settling period, the fluid 

separates into three phases {Figure 1) : 

Semi -processed oil (upper layer) - pumped into the oil 
polishing reactor for additional treatment. 

Water and alum (middle layer) - discharged to the 450,000 
gallon holding tanks as reclaimed alum. 

Sludge (bottom layer) - transferred to a sludge storage 
tank. (All sludge deposits are transported via 
tank trucks to disposal sites approved by the 
Ontario Ministry of the Environment.) 

The semi-processed oil from the three oil reactors is 
pumped into one 4,000 gallon polishing tank. Another proprietary 
material (1/4-1/2% by volume of tank contents) acting as a 
"chemical broom" separates the suspended contaminants present in 
the oil. Sufficient sodium hydroxide is mixed with the oil to 
neutralize the strong acid constituents such as sulphuric acid. 
The contents of the reactor are recirculated and heated to 
180-200° F, within a 3-4 hour interval. After mixing, the heat 
is turned off and the mixture settles for 12-18 hours . Again , 
three distinct layers emerge in the tank. They consist of 
polished oil (upper layer) , water and alum (middle layer) , and 
sludge (lower layer) . Since most of the contaminants are removed 
in the oil reactors , the polished oil layer accounts for approxi- 
mately 90% by volume of the tank contents ; the remaining 10% 
includes water and sediment (Figure 2) . Polished oil typically 
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contains less than 0,05% water and 0.1% dirt. 

Just as the water treatment process varies with the 
changing composition of the waste, in like manner each 4,000 
gallon batch of oil must be "jar tested" individually to determine 
the correct chemical procedure. Occasionally caustic soda may be 
used in place of sulphuric acid in the oil reactors in order to 
maximize the oil yield. If this is done, acid is employed in the 
polishing tank to neutralize the alkaline oil. 

The neutralized oil is further purified from residual 
sediment deposits as it passes through a self-cleaning centrifuge. 
By centrifugal action, a layer of sludge accumulates along the 
walls of the bowl. A plow removes this cake layer from the walls 
and discharges the solids through a chute located at the bottom 
of the centrifuge to a conveyor. 

Centrifuged oil, now called base oil, is transferred to 
one of two 10,000 gallon oil separators. In the separators, the 
oil is retained for approximately one week and kept at a constant 
temperature of 120°F. Trace concentrations of water and dirt 
contaminants remaining in the oil sink by gravity to the bottom of 
these funnel-shaped separators and are drained to the sludge tank. 
After a week, the base oil is discharged to one of two 10,000 
gallon unfiltered oil tanks. Oil is retained in these storage tanks 
until a soluble or cutting oil product is required. 

Upon request for a lubricant from the Manufacturing 
Plants, the operator pumps the base oil through a filter. The 
filter housing contains replaceable fibre cartridges which range 
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in size from 5-50 microns. Cartridge selection is based upon 
the degree of cleanliness required in the oil. After filtration, 
the base oil is pumped directly into a 10,000 gallon filtered oil 
storage tank and then into one of two 4,000 gallon blend tanks. 

One blend tank is used exclusively for formulating 
soluble oil while only cutting oil is blended in the second tank. 
A 5% sulfo-chlorinated mineral oil concentrate is mixed with 95% 
base oil to produce a cutting oil containing anti-weld and anti- 
wear characteristics. Over 100,000 gallons of reclaimed cutting 
oil are used annually in the automatic screw machines at the Axle 
Plant. Soluble oil concentrate consisting of a 20% emulsifier 
package and 80% base oil is used extensively throughout the Engine 
and Axle Plants. Its widespread usage is indicative of the product's 
excellent emulsion, cutting and cooling properties. At present, 
225,000 gallons of reclaimed soluble oil concentrate are used in 
machines ranging in size from small 2 5 gallon coolant tanks to 
large 2 5,000 gallon central coolant systems . Experiments currently 
in progress indicate the feasibility of formulating hydraulic oil 
from G.M. reclaimed base oil. 

Typical specifications for filtered base oil are shown 
in Table 2. It is readily apparent that the oil is low in 
contaminants, relatively uniform in composition and high in quality. 
Small quantities of sulphur, chlorine and phosphorus are beneficial 
in the oil since they serve as extreme pressure additives which 
facilitates cutting. 

The laboratory in the treatment plant contains the main 
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control console, a computer and suitable bench space for the 
operators to conduct various chemical-physical tests on oil and 
water samples. The main console consists of an array of gauges, 
charts , flow diagrams , pumps and valve controls . This control 
panel allows the operators to regulate from the lab most of the 
mechcinical operations occurring within the treatment building. 
Owing to the high degree of automation, three men operate the 
entire plant during the day shift and two employees work the 
afternoon shift. One operator is responsible for water treatment, 
the second for oil reclamation, while the third is engaged in 
maintenance and trouble- shooting. Much of the data monitored on 
the control console is stored in a computer. This recording 
device provides useful information on various chemical and 
physical parameters such as chemical usage, mechanical failures, 
flow rates, temperatures, pH*s, etc. 

To ensure high standards in the finished oil products, 
several quality control checks are performed in the lab prior to 
shipment to the Manufacturing Plants. As an example, soluble oil 
is tested for emulsion stability, pH, water and dirt content and 
bacterial contamination. If for some reason a batch of soluble 
oil does not meet our specifications, the product is modified in 
the blend tank until good quality is assured. 

Significcint cost savings result when we use 
our reclaimed oil products in contrast to purchasing new 
materials from a vendor. Our reclaimed cutting and 
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soluble oils are competitive to new oils both in cost and quality, 

Not only is it advantageous for us to reclaim oil but 
it is also profitable to collect "used" fire-resistant fluids 
and chlorinated degreasing solvents and send these products to 
outside vendors for reclamation , As a case in point , substantial 
savings are realized by using reclaimed phosphate ester fire- 
resistant fluid which has been reconditioned to rreet stringent 
specifications. 

As global oil reserves are depleted, as the cost of new 
oil products continues to increase on world markets, and as laws 
governing the quality of effluents become more stringent, the 
necessity of recycling exhaustible petroleum products assumes 
paramount importance. General Motors is concerned about environ- 
mental problems and the conservation of limited resources. 
Construction of this water treatment and oil reclamation centre 
represents a positive step forward towards a cleaner, safer world 
for tomorrow. 
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TABLE 1 



WATER CHARACTERISTICS 



PARAMETER 



Oil 



UNTREATED WASTE TREATED WASTE 
WATER INFLUENT WATER EFFLUENT 



3,000-7,000 ppm 



EFFLUENT LEGAL 
LIMITS 

(Regional By-Law) 



5 - 12 ppm less than 15 ppm 



Suspended Solids 500-1,000 ppm 150-300 ppm less than 350 ppm 



pH 



7.5-10.0 



6. 3-6.8 



5.5-9.5 



TABLE 2 



FILTERED BASE OIL CHARACTERISTICS 



PARAMETER 
Viscosity @ 100*'F 
@ 210°F 

Viscosity Index 

Flash Point (COC) 

Water 



RANGE 
125-135 SUS 

40- 45 SUS 

87-100 
330-360*F 
less than 0.02% 



Sediment 



Sulphur (Total) 



Chlorine 



Phosphorus 



less thcin 0.03% 
0.4-0.6% 
0.1-0.15% 
0.1-0.2% 
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p 



TREATMENT PROCESS AT OIL REACTORS 



SKIM AND/OR SCUM 
OIL ( 4,000 GALS.) 



APPROXIMATE 
VOLUMES 



30 - 40 % 



50 % 



10 - 20 % 




PROPRIETARY MIXTURE 
( 1/2 % BY VOLUME ) 

SULPHURIC ACID 

{ 1-2 % BY VOLUME ) 



SEMI -PROCESSED OIL 



WATER a ALUM 



SLUDGE 



CONTENTS ALLOWED TO SETTLE 
UNDISTURBED FOR 8 TO 12 HOURS 



HEATED 
TO 
ISO- 200 • F 



FIGURE I 
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TREATMENT PROCESS AT POLISHING TANK 



SEMI-PROCESSED OIL 
FROM OIL REACTORS 
(4,000 GALS. } 

APPROXIMATE 
VOLUMES 



9 % 



5 % 
5 % 




PROPRIETARY MIXTURE 
( 1/4 - 1/2 % BY VOLUME) 

SODIUM HYDROXI DE 
(SUFFICIENT TO NEUTRALIZE) 



POLISHED OIL 

( CONTAINS LESS THAN 
0.05% WATER AND 

0.1 % SLUDGE ) 



WATER a ALUM 



SLUDGE 



HEATED 
TO 

l80-200» F 



CONTENTS ALLOWED TO SETTLE 
UNDISTURBED FOR 12 TO 18 HOURS 



FIGURE 2 






CRYOGENIC SHREDDING AND RESOURCE RECOVERY 



The science of Cryogenics will be 100 years old come December 25, 
1977. The use of Cryogenics for the recycling of certain solid 
waste materials appears to be a relatively new solution to an age 
old problem. It has been estimated that 75 per cent of our natural 
resources that are now being thrown away in the nations' waste sys- 
tem could be reclaimed and recycled by the end of this decade. Most 
commodities are made up of multi-materials, in that they are either 
laminated or mixed. Cryogenics can play an Important part in the 
separation of many kinds of materials. The automobile and truck 
tire, generator, alternator and starter motor are excellent examples 
of commodities that can be effectively, efficiently and economically 
processed using the Cryogenic technique. 

Cryogenically processed materials are usually in such form when they 
leave the mill that they can be easily separated. For example, by 
reducing the temperature of an automobile alternator to -130 F (-90 C) 
and subjecting it to the Impacts of the hammers in a mill, the steel 
will shatter Into small fragments, leaving the copper in coil form. 
A magnetic separator will lift the steel away from the copper, and 
air flotation will remove any fibres, leaving a number one grade of 
copper with 100 per cent recovery. 



by 




NORMAN R. BRATON 

Professor 
Department of Mechanical Engineering 
University of Wisconsin 
Madison, Wisconsin 

Professor Braton, born in Barnesville, 
Minnesota, received his B.S. degree 
from State College, Minnesota, and his 
M. S. from the University of Minnesota. 
After service in the U.S. Army, 19A1-46, 
he was an instructor of Industrial Arts, 
became associated with the University 
of Wisconsin in 1955 and was appointed 
Professor in Mechanical Engineering in 
1970. He has conducted welding insti- 
tutes, given lectures throughout Japan 
and India, and has served as a consult- 
ant for commissions, associations and 
foundations as well as numerous indus- 
tries. He is presently actively in- 
volved in the research of cryogenic 
recycling of solid wastes, disseminat- 
ing information to many countries through- 
out the world and has authored an pre- 
sented many papers on the subject. 
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Cryogenic Shredding and Resource Recovery 

by 

Professor Norman R, Braton 
Mechanical Engineering Department 
College of Engineering 
The University of Wisconsin 
Madison Campus 

and 

Phillip H. Michalski 
Graduate Student 

The term recycling refers to the transformation of waste 
materials Into useable products. Transforming waste materials, 
however, is not often accomplished in one simple step. It may 
involve several steps including separation, transportation, clean- 
ing, and reforming the materials to be recycled. 

The term "cryogenic recycling" refers to a recycling tech- 
nique which utilizes the brittle behavior of some materials at 
reduced temperatures to aid in the transformation of waste ma- 
terials. It is called "cryogenic" recycling because many materi- 
als need to be cooled far below ambient conditions before they 
will become brittle. How low a temperature Is needed to embrittle 
materials. If at all possible, depends upon such things as crys- 
tal structure, molecular weight, previous coldworking, crystal 
grain size, composition and other physical characteristics which 
will be discussed later. 

Because not all materials embrittle at low temperatures 
there has developed a need for a classification of materials 
which can be recycled cryogenically, a classification of materials 
which are brittle at low temperatures. A few examples will be 
cited to illustrate the mechanical behavior a material must show 
before it can be classified as cryogenically recyclable. 

At room temperature, natural rubber (polylsoprene) is ductile. 
However, at some lower temperature, natural rubber becomes brittle. 
Thus, natural rubber is said to go through a ductile-to-brittle 
transition and can be classified as cryogenically recyclable. 
Copper, on the other hand, which is also ductile at room tempera- 
tuer will not go through a ductile-to-brittle transition at low 
temperatures. Thus, copper is not cryogenically recyclable. 

Many separation processes now in use depend on the brittle 
behavior of some materials and the ductile behavior of others. 

For a long time the recycling of copper from plastic coated 
copper wire consisted of burning the plastic to recover the cop- 
per. As a result of burning, the copper became an oxidized lower 
grade of scrap. The burning of the plastic such as polyvinyl 
chloride resulted also in the emission of noxious vapors such as 
chlorine. This burning is now prohibited by law unless a scrub- 
ber is used along with the incinerator to remove the noxious sub- 
stances [1]*. The Federal Clean Air Pet of 1963 and its 



♦Bracketed numbers refer to references In the bibliography. 
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Amendments of 1970 (Public Law 91-604) together with the Wisconsin 
Administrative Code Chapter NR 154, Air Pollution Control, prohib- 
its the open burnings of rubbers and petrochemical products. Scrub- 
bers placed in smoke stocks wash the products of combustion to re- 
move the noxious vapors before they can be released into the atmos- 
phere. 

Now plastic coated copper wires can be recycled cryogenically. 
The cryogenic processing of plastic coated cables involves embrit- 
tling the plastic coating by reducing its temperature and impact- 
ing the cable. Upon impacting the brittle plastic will shatter 
Into small pieces while the ductile copper wire remains whole. 
Finally, the plastic and wire are separated by conventional tech- 
niques. 

The cryogenic process not only yields a high grade of scrap 
but also eliminates the noxious vapors and the need for costly 
scrubbers. The cryogenic process also produces a plastic which 
can be reused. 

It should be noted that due to the definition of cryogenical- 
ly recyclable materials, materials which are brittle at low tem- 
peratures, that the copper is not a cryogenically recyclable ma- 
terial but the plastic which became brittle is. However, the 
whole cable can be recycled using a cryogenic process. 



MATERIALS CLASSIFICATION 

Materials are classified into three groups, namely metals, 
ceramics and polymers. Each of these groups can be identified 
by subdivision (Fig. 6). 

In order to be classified as cryogenically recyclable a ma- 
terial must be able to be fractured in a brittle manner, 
"Brittle" meaning fracturing with no apparent plastic deformation, 

Some materials will be brittle at room temperatures. Others 
have to be cooled far below ambient temperatures before they can 
br fractured in a brittle manner. Still others are ductile at 
both room and reduced temperatures. 

To Investigate brittle fracture and the factors affecting 
brittle fracture it is convenient to study the yield stress and 
fracture stress behavior of materials. Figure (l-a) is a schemat- 
ic showing the yield and fracture stress behavior of a material 
which would fracture in a ductile manner, yielding before frac- 
ture at both high and low temperatures. This type of material 
would not be classified as cryogenically recyclable^ 
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Figure (1-b) is a schematic showing the yield and fracture 
stress behavior of a material which is ductile at room temperature 
but brittle at some lower temperature. This type of material is 
said to go through a ductile-to-brittle transition at Tb, the 
Brittle Temperature. Below Tg the material would fracture in a 
brittle manner, fracturing before yielding. Thus, this type of 
material could be classified as cryogenically recyclable. 

Materials which fracture in a brittle manner at room tempera- 
ture have the room temperature lower than Tg and can also be classi- 
fied as cryogenically recyclable. 

Temperature isn't the only factor which affects the yield 
and fracture behavior of materials. Increasing the rate of load- 
ing has the same effect on the yield and fracture stresses as 
lowering the temperature. Figure (2) demonstrates the effect of 
increasing the rate of loading on the ductile-to-brittle transi- 
tion temperature. 

The increase in Tg due to increasing the rate of loading is 
the cause of much confusion when trying to quote a particular val- 
ue of Td, a value for Tb is only valid for a particular type of 
test and a particular rate of loading. Unfortunately, very few 
researchers provide this type of information when publishing values 
of Tb. This makes comparing different brittle point data diffi- 
cult. Figure (3) shows how the rate of loading affects Tg for 
Tungsten, Zinc, polymethylmetharylate (PMMA) and polyvinyl chloride 
(PVC). 

Many of the cryogenic recycling processes depend on the selec- 
tive embrittlement of materials. For instance the cryogenic re- 
cycling of plastic-coated copper cables relies on the plastic em- 
brittling and the copper wire remaining ductile. Figure (4a) de- 
picts the yield and fracture behaviors of ductile copper wire and 
a plastic coating which embrittles at some temperature. 

The selective embrittlement of materials can also be used to 
recycle two materials which embrittle if the respective brittle 
temperatures are not close together. Figure (4b) depicts this 
situation. How great a difference is needed between the brittle 
temperatures before the selective embrittlement can be effectively 
used is not known at this time. 

To increase the chance of brittle fracture the test specimens 
were loaded at high rates and low temperatures. 
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High rates of loading were obtained by using a hammermill to 
Impact the specimens. Figure (5) shows a schematic and a photo- 
graph of the hammermill used in testing. The hammermill operates 
at 2300 rpm with a hammer tip speed of 240 ft/sec (14450 in./min) 
and is powered by a 3-phase 20 hp electric motor. This particu- 
lar machine is a rebuilt 1942 Gehl Bros, hanmermill to which sev- 
eral features have been added. The removable cover plate allows 
easy cleaning and inspection of the interior parts. The grate or 
so-called sieve has been cut off to ensure that ductile materials 
are ejected from the path of the hammers and to ensure that fibers 
are ejected before they wrap around the cylinder shaft. 



METALS 

Eighty-six of the one-hundred-and-three elements found by 
man are metals. Of the eighty-six metals only a few are used in 
significant quantities as engineering, structural or electrical 
materials. They are Iron (Fe), Copper (Cu), Zinc (Zn), Aluminium 
(Al). Tin (Sn). Platinum (PI), Silver (Ag). Gold (Au), Lead (Pb) 
and Titanium (Ti). These base materials are often alloyed with 
other elements to provide a variety of materials each with their 
own unique properties. 

There are several ways in which metals can be grouped. 
However, when describing their mechanical properties, it is most 
convenient to group them according to their crystal structure, 

Metals have three main crystal structures: Face-Centered 
Cubic (FCC), Body-Centered Cubic (BCC), and Hexagonal Close- 
Packed (HCP), Figure (7) shows the atomic structures of each 
group. Most metals belong in one of these groups and are listed 
in Table 1. Each crystallographic structure has its own peculiar 
mechanical properties which allow it to remain ductile or become 
brittle at low temperatures. 

To understand why metals of different crystal structures be- 
have the way they do, two approaches can be taken: microscopic 
or macroscopic. The microscopic theories developed for slip and 
cleavage fracture of metals or dislocations in polycrystals [8, 
9.10] are referenced but will not be discussed herein. Rather 
the macroscopic approach will be taken in which the unique mechan- 
ical properties of each crystallographic group will be surveyed 
to establish their ductile or brittle characteristics. 

The Face Centered Cubic (FCC) metals are typically ductile 
down to -320°F (-196°C), the liquid nitrogen temperature. For 
this reason some of the FCC metals are used in cryogenic applica- 
tions such as storage tanks for liquid cryogens. To understand 
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why the FCC metals are considered ductile, we will examine the 
data obtained from two tests: an impact test [11] and an uniaxi- 
al tension test [12], The temperature-dependent curves of yield 
strength and tensile strength can be obtained from a series of iso- 
thermal tension tests. Similarly, isothermal impact tests can be 
used to obtain energy absorbed versus temperature curves. Neither 
of these tests have been attempted by the authors, rather published 
data will be referenced. 

There are two instructive methods for presenting the tensile 
test data. Most of the published data on metals has the form of 
Figure (8) which shows a typical set of curves for a FCC metal. 
The second which Is very instructive is taken from Wessel [13] 
and is shown in Figure (9), 

Several FCC characteristics can be seen in Figure (8), The 
yield strength (YS) changes little when the temperature is de- 
creased while the tensile strength (TS) increases signif icantly= 
Thus, the TS to YS ratio (TS/YS) increases as the temperature is 
decreased. This implies that FCC metals are able to accommodate 
a relatively large amount of plastic deformation before fracture, 
and also accounts for their extreme reliability at low temperature 
[15]. 

Examining the schematic taken from Wessel {Fig. 9) will also 
prove to be helpful in understanding the ductile behavior of FCC 
metals. Notice that the yield strength never touches the ductile 
fracture strength. This indicates that the FCC metals must plas- 
tically deform before they can reach their fracture strength. 
The cross-hatched area is present because Wessel 's schematic is 
indicative of many FCC metals. 

A FCC impact test curve is shown in Figure (10). It is typ- 
ical of a metal which does not go through a ductile-to-brittle 
transition. Notice that the curve is relatively temperature in- 
dependent and has a relatively high value compared to a BCC im- 
pact curve (see Figure 13). 

In summary, the FCC metals remain ductile at low tempera- 
tures. 

Body-center cubic metals (BCC), unlike the FCC metals, tend 
to become brittle at low temperatures. To understand why there 
is this difference, the uniaxial tension tests and impact test 
will again be examined. 
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Figure 10. Typical FCC Impact Test Curve. From (14) 
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Typical BCC data is shown in Figure (11)- There is one 
noticeable difference between this figure and a similar FCC 
figure. The yield strength is rather temperature dependent and 
rises faster than the tensile strength. This produces a decreas- 
ing TS to YS ratio when the temperature is decreased. This be- 
havior is typical for a metal which will go through a ductile-to- 
brittle transition. 

Wessel's schematic for BCC metals is shown in Figure (12) and 
is useful in describing the ductile-to-brittle transition in BCC 
metals. At high temperatures the metals behave in a ductile man- 
ner, plastically yielding before fracture^ However, upon decreas- 
ing the temperature, less and less plastic deformation is experi- 
enced before fracture occurs. Finally, when the temperature falls 
to Ti no plastic deformation occurs prior to fracture. 

Another important feature which should be noticed is the 
ductile-to-brittle transition range. There is a range of tempera- 
tures in which a material could fracture in a brittle manner. 
This range is due to the rather pronounced differences in fracture 
strength that can be observed depending on the metal, its metallur- 
gical condition, and the testing temperature [16]. The non- 
dimensional temperature abscissa of Figure (12) is a convenient 
means of drawing a schematic for many materials. 

Figure (13) is representative of BCC impact data. The sharp- 
ly falling impact values are typical of brittle metals. 

In summary, commercially pure BCC metals will become embrit- 
tled at low temperatures. 

The Hexagonal Close-packed (HCP) metals have properties which 
lie between the ductile FCC metals and the embrittling BCC metals. 
Some of the HCP metals will remain ductile at low temperature and 
some will not. For instance Cadmium which remains ductile down 
to the lowest temperatures, is very soft and liable to creep, 
while Zinc is highly brittle [17], 

The mechanical properties of other HCP metals such as titani- 
um and beryllium are greatly affected by interstitial impurities 
such as oxygen, hydrogen and nitrogen. Increasing the intersti- 
tial impurity content will increase the yield strength and tend 
to promote brittle fracture. Pure titanium however is an attrac- 
tive material for cryogenic purposes because as the temperature 
is reduced, the TS/YS ratio remains constant or even increases 
[18], 
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steel, which is mainly Ircxi (Fe), can exist in either a FCC 
structure or a BCC structure. The differences in structure can 
be obtained by alloying and heat treating. The FCC steels are 
called austenitic steels (y-Fe). The most widely used FCC steels 
are the austenitic stainless steels of the 300 series. The BCC 
steels are called ferritic steels (a-Fe), 

So much has been published regarding the mechancial proper- 
ties of ferrous materials that it would be impractical to con- 
dense all of it in this paper. However, the Society of Automo- 
tive Engineers has published a special publication, "Low Tempera- 
ture Properties of Ferrous Materials," [19] which is excellent. 

There are two exceptions to the preceding general discussion 
of the mechanical properties of metals. The mechanical proper- 
ties of two copper alloys differ from those of typical FCC metals. 
First, there is a copper-antimony alloy which McLeon [20] has 
found brittle at low temperatures. Second, there is a manganese- 
Bronze alloy which has impact strengths which decrease as the tem- 
perature is raised. This decrease in impact strength is due to 
grain boundary precipitation at elevated temperatures.** 

The metals which were tested came in many sizes and shapes. 
Specimens which would not fit into the 10"xlO" hammermiU entrance 
were cut into smaller pieces with a band saw. 

More often than not however, only one specimen was received. 
The one-of-a-kind specimens were also cut into smaller pieces to 
enable testing at both -320°F (-195°C) and 70°F (2rC). 

After a few metal specimens were tested it became apparent 
that the rebuilt hammermill originally constructed for grinding 
silage was not adequate for testing metals. The metal housing 
became dented as did the metal sieve. One specimen even pierced 
the metal housing. Testing continued until a specimen of cast 
steel fractured the breaker plate. 

Since the hammermill was inadequate for testing metals it 
was decided to test the remaining metal samples by hand. These 
specimens were cut into 1/4" thick slices with a band saw. After 
bringing to the desired testing temperature these specimens were 
placed on the top of two I-beams which were two inches apart. 



**The information on manganese bronze was obtained in conversa- 
tions with the Falk Corporation and Professor Frank. Worzola, 
University of Wisconsin's Metallurgical and Mineral Engineer- 
ing Department. 
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They were then struck with a two pound sledge hammer. After im- 
pacting the specimens were evaluated in the usual manner. 

Specimen 




Figure 14. Hand Testing of Metal Specimens. 



"h". 



The results of tests done by hand are marked with the letter 



The appearance of the fracture-crack surfaces were used as 
a guide for determining whether a metal fractured In a brittle 
manner. 

Several of the metals fractured when tested at -320°F (-196°C) 
but were still classified as ductile at -320°F. This was due to 
the appearance of the specimen after testing. For instance, the 
cast aluminium 356 which fractured at both -320°F (-196°F) and 
70°F {21°Z) had rough, torn fracture-crack surfaces at both tem- 
peratures. This type of fracture-crack surface is typical of 
materials which fracture in shear. 

Table 2 is a classification of the metals tested. 



POLYMERS 

Polymers are large molecules made from many (poly-) smaller 
repeat units (-mers) which are held together by strong primary 
bonds called covalent bonds. An example of a repeat unit is 

CHz-CH 

CHa 
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Table 2. Classification of Metals 



Materials 



Source 



Brittle at 
70°F 



Brittle at 
-320"? 



Ductile at 
-320"F 



Reference 



ALUMINIUM 



Cast 3S6 



SISNICAST 



Cast QQ-A-601 



Falk 



X h 



Rounds 2011 -T3 



RRS\ 



i Rounds 2017-T4 



RRSN 



Rounds 2024-T4 



RRSN 



I Rounds 6061 -T6 



RRSN 



Rounds 7025-T6 



RRSN 



COPPER 



OFHC filectrical Cane 



Table 2. (cont'd) 



00 

o 



Materials 


Source 


Brittle at 
70"F 




Brittle at 
-320"F 


Ductile at 
-320"F 


Reference 


Cast Bronze 
80-10-10 


SI CMC AST 






! 


Cast Silicon 
Bronze 


SIGN I CAST 






1 

X i 


Bronze SAE 65 


Falk 






1 

X h 

1 


Bronze SAE 660 


Falk 




■ 


Xh 1 


Bronze SAE 660 


Falk 






X h 




Brass ASTM B2I 

(AMPCO Brass) 


Falk 






\ h 




IRON 












STEEL 












CR 1018 


RRSN 




X 






SAE 1020 


Falk 




X 







Table 2. (cont'd) 



00 



Materials 

U — . , 

1 


Source 

1 . ., 


Brittle at 
TO^'F 


Brittle at 

-320'*F 


Ductile at 
-320''F 


Reference 


I— 

HR 1020 


RRS\* 




X 


1 

1 


SAE 1045 


Falk 






1 


CR 1045 


RRSN 




X 


1 


1 HR 1045 


RRSN 




! ^ ! 

1 


! 

Mild Steel Water Pipe 




; 

i 


1 

SAB 6165 
! (Chrome Vanadium) 


Falk 




1 1 ! 

! X h i I 


STAINLESS STEEL 






1 ! 

1 


i 

1 17-4 PA 

i 


RRSS 






X 




203 e: 


RRSN* 




1 X 




1 

503 


RRSN 






>^ 


i 



Table 2. (cont'd) 



to 



Materials 


Source 


Brittle at 

TO^F 




Brittle at 
-520*'F 


Ductile at 
-320'F 


Reference 


504 


RRSN 






X 




316 


RRSN 






X 


. 


410 


RRSN 




X 






Stainless Steel 416 


RRSN 






X 


. 


CAST IRON 












Ductile 


G5L 




X h 


■ 




Ductile 
(Ful ly Annealed) 


Chromfed. Nlal . 


X h 








; Ductile 

(80-55-06) 


Chromfed. Mai . 




X h 






Grey 


Mil. Mai. 


X h 








Grey 


Falk 




X h 




' 



Table 2. (cont'd) 






Materials 


Source 


Brittle at 
70"F 


Brittle at 
-320'*F 


Ductile at 
-320'F 


Reference 


Malleable 


Mil. Mai. 




X h 






1 

CAST STHEL 












1 As Cast n 

1 


Falk 






1 
X h 


As Cast =1 
(Quenched fi Tempered 


Falk 




X h i 


As Cast =^2 


Falk 






X h 


Cast ASTM-A148 

1 


Falk 






1 

X h ! 


Pelton P3 


Pelton 




X h 






Pelton P4 


Pelton 




X h 






Pelton PIO 


Pelton 






X h 




Cast 1140 


SIGN! CAST 




X 

1 







Tabic 2. (cont'd) 



00 



Materials 


Source 


Brittle at 

70°F 


Brittle at 

-320°F 

1 


Ductile at 

-320'F 


Reference 


Cast 8620 


SIGN I CAST 


X 

1 






CAST STAINLESS 












SS 316 


SIGNICAST 






X 




SS 2S-5PH 


SIGN'ICAST 






X 




Lead Base Babbit 


Falk 


X ft 




. 




Tin Base Babbit 


Falk 




X h 
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which together with many other repeat units forms polypropylene. 




The structural formula for polypropylene demonstrates one of 
the differences between metals and polymers. Notice that polypro- 
pylene can have many different molecular weights depending upon 
the value of N, whereas a metal has but one molecular weight. 
Polymers typically have molecular weights between 10** and 10^ while 
the highest molecular weight metal is Lawrencium (LW) with a 
molecular weight of 103. 

Polymers can be divided into two main categories: thermosets 
and thermoplastics. The difference between the two lies in the 
type of bonds which hold adjacent molecules together. In thermo- 
sets, the adjacent molecules are held together like repeat units 
by covalent bonds and form what is called a framework or network 
of molecules. Thermosetting polymers are said to be crossl inked 
by covalent bonds. On the other hand, thermoplastics molecules 
are not crosslinked but are held together by weaker secondary 
bonds called van der Waals forces. 

The amount of crossl inking has lead to some confusion. 
Polymers which have many crosslinks are commonly called thermo- 
sets, but polymers with only a few crosslinks have come to have 
two names. Some experts refer to lightly-crosslinked polymers 
as elastomers, while others refer to them as thermosets. In this 
paper, lightly-crosslinked polymers will be referred to as elas- 
tomers. Figure 15 will be used to demonstrate the difference be- 
tween thermoplastics, thermosets and elastomers. 

The dots in Figure (15-1) are repeat units which are held 
together by covalent bonds (solid lines). In thermoplastics 
polymers. Figure (15-la), the adjacent molecules are held to- 
gether by van der Waals forces (dotted lines). Figure (15-lb) 
is a schematic of a thermosetting polymer which is highly cross- 
linked with covalent bonds (solid lines). Figure (15-lc) is a 
schematic of an elastomer with both covalent bonds and van der 
Waals forces holding the polymer together. 

As one might expect, the different bonds affect how polymers 
react at high and low temperatures. Once formed, thermosets and 
elastomers which are crosslinked polymers will not remelt due to 
the strong covalent bonds present between molecules. Thermo- 
plastics, on the other hand, can be remelted because only the 



- 385 - 



weak van der Waals forces hold adjacent molecules together. 




Figure 15-la. 



Three Molecules Held Together by van der Waals 
Forces (Dotted Lines) Forming a Thernraplastic, 




Figure 15- lb. 



Network of Covalent Bonds (Solid Lines) 
rming a Thermoset. 



A 
Forming 




Figure 15-lc, 



Figure 15-1. 



A Lightly-Crossl inked Polymer With Both 
van der Waals Forces and Covalent Bonds 
Forming an Elastomer. 

A Schematic Showing The Differences in Bonding Be- 
tween Thermoplastics, Thermosets and Elastomers. 



Because these polymers differ in behavior at high tempera- 
tures, different tecnniques must be used to recycle them. Once 
in powder or granular form, thermoplastics can be remelted and 
reformed into new products. Unfortunately, thermosets and elas- 
tomers cannot be remelted, so other means of recycling these ma- 
terials must be found. Today ground-up rubber automobile tires. 
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an elastomer, are mixed with a binder and used to resurface roads 
and fill-road cracks. Other tires are being devulcanized (having 
their crosslinks chemically removed) and remolded. Using ground- 
up thermosets as fillers for other plastic products is also a 
possibility. 

Unlike metals which are entirely crystalline, polymers can 
take on either an amorphous structure or a crystalline structure 
when in the solid phase. 

Due to their rigid network type of structure, the molecules 
of thermosetting polymers cannot form a crystalline structure. 
The movement needed to reorganize the molecules into a crystal- 
line structure is prevented by the covalent bonds which are formed 
between the molecules when curing. 

Thermoplastics polymers, on the other hand, can exist in 
either an amorphous or a highly crystalline structure with the 
amount of crystallinity varying between and close to 100 per 
cent. When cooling from the liquid phase, thermoplastics mole- 
cules can reorganize themselves into a crystalline structure be- 
cause only the weak van der Waals forces are present to restrict 
the movement of molecules. 

Crystallizable elastomers cannot crystallize as freely as 
thermoplastics due to the small number of crosslinks present and 
also due to the fact that nearly all elastomers have melting 
points far below room temperature, i.e., natural rubber has a 
melting point of -230°F {-146°C). 

It should be noted that no polymer can crystallize 100 per 
cent and that any portion of the polymer that doesn't crystallize 
will have an amorphous structure. 

In order to crystallize, polymers should have a syntnetrical 
structure. Unsyimietrical or branched molecules will hinder the 
crystallization process. Examples of symmetrical, unsyninetrical 
and branched molecular structures are shown in Figure (16). 

Linear polyethylene which is symmetrical will crystal ize 
and form high density polyethylene. The branched polyethylene 
however, will remain amorphous or only crystallize a small amount 
and form low density polyethylene. Polystyrene which is unsym- 
metrical will form on amorphous solids. 

Crystallization also depends upon the rate a polymer is 
cooled and the manufacturing process used to form the product. 
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Figure 16a. Sjminetrical Linear Folyechylene, 
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figure 16h. Unsynunetrlcal Branched Polyethylene 




iTigure 16c. Unsyrrmetrical Atactic Polystyrene With iienyene 
bide Groups Distributed Geometrically at Ran- 
dom Alonp; the Chain, 



Figure 16, structural Forrrulas For Symmetrical And Un- 
symmetrical Polyirers , 
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Figure (17) shows how cooling and processing affects the struc- 
ture of thermoplastics. 
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Figure 17, Thermal and Deformation Treatment of Polymers [21], 

The mechanical properties of thermoplastics and elastomers 
are highly dependent on temperature and rate of loading whereas 
the mechanical properties of thermosets usually have neither of 
these dependencies. Even though the mechanical properties of 
these polymers differ, they can be portrayed on one set stress- 
strain curves as shown in Figure (18). 

Thermosets are typically rigid polymers which fracture in a 
brittle manner with stress strain curves similar to curve {18a). 
At different temperatures thermosets still behave in a brittle 
manner. 

At low temperatures theromoplastics and elastomers behave 
like thermosets and fracture in a brittle manner with stress- 
strain curves similar to curve (18a). However, at higher tem- 
peratures thermoplastics and elastomers start to yield and cold 
draw as shown in curve (18b), At still higher temperatures 
thermoplastics will melt and behave like a fluid with defor- 
mation stress proportional to the applied strain rate as shown 
in curve (18d). Elastomers, with their crosslinks preventing 
fluid flow, will have a rubbery behavior of curve (18c), 

Temperature Is not the only factor which influences the 
mechanical properties of thermoplastics and elastomers. A 
faster rate of loading will affect the mechanical properties of 
thermoplastics and elastomers in the same fashion lowering the 
temperature. 



- 389 - 




Strain 
Figure 18. Mechanical Properties of Polymers, 

Manufacturing processes also affect the mechanical proper- 
ties of polymers. For example, nylon-6 molded gears will fracture 
when impacted in a hammermill at -320°F (-196°C), whereas nylon-6 
film (2 mil-thick) will not [22]„ This ductile behavior is typi- 
cal for fibers and films and is caused by the high degree of ori- 
entation in these polymers. 

Like some metals, some polymers will go through a ductile- 
to-brittle transition. An explanation of the ductile-to-brittle 
transition in polymers can be obtained from an understanding of 
their yield and fracture behaviors. 

In a macroscopic sense, the yield and fracture stresses of 
polymers act independently of one another. They act independently 
in the sense that they have different magnitudes and different 
rates of change with temperature and rate of loading [23], 
Figure (19) demonstrates how the independent nature of these two 
stresses influences the ductile to brittle transition in polymers. 
Since the yield stress and the fracture stress have different 
rates of change with temperature, the two stress curves will in- 
tersect at some temperature, the ductile-to-brittle transition 
temperature (Tg). Above Tg the polymer will behave in a ductile 
manner, yielding before fracture. Below Tg the polymer will be- 
have in a brittle manner, fracturing before yielding. 
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As mentioned previously, increasing the rate of loading 
has an effect similar to decreasing the temperature. Figure (20) 
demonstrates the effect of the rate of loading on the ductile- 
to-brittle transition of polymers. If the rate of loading is in- 
creased the yield stress will shift from Qyi to Oy^ and the frac- 
ture stress from af, to afj with the overall effect of raising 
Tg and increasing the chance of brittle fracture. 

Besides temperature and rate of loading, molecular proper- 
ties and additives also affect the ductile to brittle transition. 
Table 3 lists several properties and additives and also lists 
how an increase in the properties or additives will affect Tg, 
the chance for brittle fracture. 



factor which raises the yield stress relative to the 
stress will increase the chance of brittle failure, 
lowers the yield stress relalve to the 
decrease the chance of brittle failure, 
number average molecular weight, Mf^, is 
decreased the fracture stress will decreased while the yield 
stress remains the same. The overall effect of this change will 
be to raise Tg and increase the chance for brittle failure. 
Figure (21) demonstrates the affect of lowering Mf^. 
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fracture 
Any any factor which 
fracture stress will 
For instance, if the 




Figure 21 



Tempera mre 
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TablG 3 
Parameters Af f ectinr, Chtinco of I.rittle Failure 

Chance of Brittle 

Increased Factor Failure Reference 

+ Tempera tur es I 24,25,26,27 

■'■Rate of Loading t 24,z5,Zb 

biolecular Froperty 

fM;I ♦ 24,25,27 

■t Cross Itnkinp; t 24 

t Crystallinity i* 24,27 

t Orientation ^ * -^4 

t Length of Linear-Side Chains I 24 

t tiin.'^s or Side Groups t 24 

Additives 

t Flasticizers * 24, 2j 

t Fibers 1 1* * 24 

> Rubbery Folymers * 24 



•*iiOt including films or fibers, 

■>**Glass fibers increase yield stress so Increase the chance 
of brittle fracture but when added to brittle resins it 
may increase brittle stren^rth and so reduce chance of 
brittle failure. 
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For many common polymers— polyisoprene, polystyrene and 
polyisobutylene--the brittleness temperature, Tb. lies close 
to the glass-transition temperature, Tg. However, this is not 
always true. For instance, Tq for rigid pure PVC is 165°F (74°C) 
while Tg is -A^'F (-20°C). Table 4 lists Tq and Tg for several 
polymers. These differences can be attributed to the definitions 
of Tg and Tq, Tg is defined by the technique employed to frac- 
ture a specimen, (i.e., notched bar impact test, unnotched bar 
impact test, etc.), whereas Tg is defined by a nondestructive 
type of test which measures the molecular motion of the specimen. 

The notion that if Tg doesn't lie close to Tq then it lies 
close to a secondary lower temperature transition is also a fal- 
lacy. Polycarbonate, for example, has its lowest transition 
at -99°F (-73°C) (at 150 C/S) but is ductile down to -320°F 
(-196°C) in fracture [28]. 

The relationship between Tq and Tr has been stated well by 
Andrews [29]: "Tq and Tg are not simply related but if the 
yield stress oy is increasing rapidly in the region of Tq, as 
it often does tor amorphous polymers, it is likely that oy will 
first exceed of (brittle) in that region and Tg will then be 
close to Tq, If, on the other hand {for various reasons, e.g., 
secondary modulus transitions at lower temperatures, or broad 
glass transitions caused by crystallization) the yield stress 
is varying less rapidly with temperature around Tq and Tg is 
less likely to fall near to Tq" [30]. 



Table 4 
Glass Transition and Brittle Temperatures for Polymers [31]. 

I'olyn-.Gr 

Polycarbonate of bisphenal A 15U 

Kigid FVC 

iiatural dubber (Polyisoprene; -7o 

Polystyrene 

Polyisobutylene 



■r,,°c 


1.7 


4^ 


n 


lu:; 


221 


113 


15U 


302 


-200 


-328 


74 


165 


- 20 


- 4 


-7o 


-94 


- bb 


-85 


1*jO 


212 


90 


194 


-7u 


-94 


- 60 


-76 
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The polymers that were tested also came in many different 
sizes and shapes. The samples which would not fit into the 
10"xlO" hammermill entrance were cut into smaller pieces with a 
band saw. Samples were also cut into smaller pieces if only one 
sample was received to enable testing at both -320°F (-196°C) 
and 70°F (21°C). The specimens were then brought to the desired 
temperature and impacted in the hammermill. Table 5 is a classi- 
fication of polymers which were tested. 

APPLICATIONS OF CRYOGENIC PROCESSING 

With the general background of the principles of cryogenic 
processing let us now turn toward some specific promising appli- 
cation which might be of industrial importance. 

The Tire-Disposal/Recycling Problem 

One of the largest volume produced commodities made from 
synthetic polymeric materials is tires. Presently about four 
billion pounds of tires are being produced. Present disposal 
methods such as landfill, composting, ocean dumping and burning 
are not now adequate due to environmental considerations. Older 
methods of rubber recycling, using shredding and separation plus 
chemcial treatment to obtain reclaimed rubber, have only ac- 
counted for about 10^ of the discarded tires. The high cost of 
shipping whole discarded tires has been the factor in limiting 
reclaimed rubber. 

Cryogenic processing of rubber tires is a simple operation 
and the resulting product is in the form of particles which 
pr dominately fall in the 20 to 10 mesh size when screened. The 
fiberous reinforcement is readily separated. 

Utilization of the rubber particles is now the key question. 
The estimated cost of the rubber particles produced by this me- 
thod is about 5 cents/pound. There are a number of processing 
routes as indicated by Figure {22). Table 6 provides a list 
of suggested, specific uses of the recycled rubber particles. 

Rubber has been mixed with asphalt binders for road surfaces 
and found to have certain favorable characteristics. A S% mix- 
ture of rubber in asphalt has resulted in raising the softening 
point of asphalt, hence, less flow at high temperature. It also 
lowered the brittle point so less cracking has occurred at cold 
temperatures; plus it imparts elastic properties to the asphalt 
Further, a rubberized asphalt binder has also been found to hold 
the aggregate better. 
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Tabic 5 Classification of Pol\7iiers 






Materials 



Acrylonitrile 
Butadienstyrene (ABS) 



Source 



Brittle at 



I ' 



0"F 



Irittle nt I Ductile at 
-520°F ! -320^F 



Reference 



r-LMB 



Acrvlon itri le ] i 
Butadienstyrene (ARS) ■^"^"^'^ PLSiCS : 


X 




Alkvd Molded Parts 


1 

PL j, X 


l. 


i 

1 


Cellulose Acetate Butvrate 


i 
IVSTRN PLSTCS | 


X 




1 


Fiberglass Rod 
(Exten 500) 


RRSON 1 X 

1 
1 




1 


Melamine/Phenolic 


PL 


X 






, 


! Melaniine/Phenolic 

1 

1 


Red Rock 


X 








I 

Nylon 


FLMB 




X 






66 Nylon 


Bemis 




X 




- 


66 Nylon 


WSTRN PLSTCS 




X 






Nylon Filled with Moly 


WSTRN PLSTCS 




X 
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Materials 




Source 


Brittle at 
70'F 


Brittle at 
-520'F 


Ductile 3t 
-320''F 


Reference 


66 Nylon Plus Modifier 


G.E. 




X 


! 




i Phenolic 

1 


G.E. 


X 






t 
1 


1 

Phenolic 

1 


P.L. 


X 






i 
1 

! 

1 


! Phenolic 

! 


P.L. 


X 




1 
1 


i ! 

1 Phenolic Red Rock 

: 


X 






i 

i 


1 

Phenolic 

1 


Red Rock 


X 








1 — — 

! Phenolic 

1 


LAPCOR 


X 




■ 




Polyacetal 


G.E. 


X 








Polyacetal 


WSTRN PLSTCS 


X 








Polyacetal Celcon 


FLMB 


X 




■ 
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1 Materials 

[ 


Source 


Brittle at Brittle at 
70°F -520''F 


Ductile at 
-320°F 


Reference 


Polybutylene Terephalate 


LWS 


X 


, 


■ 


zi 

1 

1 
1 


' Polycarbonate 


G.E. 

1 


X 




1 


1 Polycarbonate 


Dstt 




X 




1 

i 


! Polycarbonate j FLMB 




X 






1 

Polycarbonate WSTRN PLSTCS 






X 




Polycarbonate 

i 


LWS 




X 






f 

Polyester Plus Glass 
Fibers 


G.E. 


X 


. 


' 


. 


Polyethylene 
- low density 


FLMB 




X 






Polyethylene 
- low density 


WSTRN PLSTCS 




X 




" 


Polyethylene 
- low density 


LIVS 




X 
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Materials 


Source 


Brittle at 


Brittle at 
-520°F 


■ 

Ductile at ^^ - 

T^rOr Reference 

1 


Polyethylene 
- low density 


ms 






X 


t 


1 Polyethylene 
1 high density 


WSTRN PLSTCS 




X 


1 

! 
i 


Polyethylene 
high density 


FLNIB 




X 




1 


Polyisopene 
(Natural Rubber) 


Burton X 

'■ 1 


i 


Polymethylmethacr>'late 

(PMMA) 


G.E. 


X 




1 


Polymethyl met hacr)' late 
(PMMA) 


G.E. 


X 








Polypropylene 


Dstt 


X 








PoU-propylene 


FLMB 




X 






PoI^TDropylene 


LWS 


X 








Polypropylene 


WSTRN PLSTCS 


X 
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Materials 


Source 


Brittle at 


Brittle at 

-520°F 


Ductile at 
-520°F 


Reference 




Polypropylene 
Impact Grade 


WSTRN PLSTCS 




s 


' 


Polypropylene 

co-poUiner 


LWS 




1 


Polypropylene 
oxide 


LKS 


X 


1 


Polystyrene 


FLIXIB 


X 








Polystyrene 


WSTRN PLSTCS 


X 








Polystyrene 


LWS 


X 








Polystyrene 
Medium Impact Grade 


WSTRN PLSTCS 


X 








Polystyrene 
High Impact Grade 


WSTRN PLSTCS 




X 




■ 


Polystyrene 
High Impact Grade 


Bern is 




X 






■ 


: ■; 
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Source 


Brittle at 

70'F 

_ 


Brittle at 




Ductile ;it 
-320''r 


Reference 




Polysulfone 


G.R. 


i j 

I. 1 
1 

X 








Polyurethane 


(t.E. 




X ! 






Pol>-\'inylclhoride 

1 


RRSN 


X 






■ 


















Sil icon 


Burton 




X 






















Vinyl 


FLMB 




X 
























! 



























TABLE 6 
Suggested Uses for Recycled Rubber 

1. ASPHALT MIXES 

(Road, runways, streets, flat roofs, playgrounds) 

2. FUEL 

(Stoker mixes of 10% rubber-90% coal) 

3. FILTERS 

CTo filter mercury from contaminated streams) 

4. EROSION BREAKS 

(To prevent or retard soil erosion on slopes and 
shore lines) 

5. /SNIMAL MATTRESSES 

CRace horses and prize cattle) 

6. DISTILLATION 

(150 gal. of oil; 1500 cu. ft. of gas; 
40% residue per ton of tires) 

7. SPORTS FIELDS 

(Football fields, tennis courts, track fields 
and race tracks) 

8. FILLER MATERIAL 
(Thermoset plastics) 

9. SOIL CONDITIONER 

(Prevents caking and provides aeration) 
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Although adding rubber to asphalt was first tried and 
patented over 130 years ago, accurate records since then have 
not really been kept. In the 1920's and 1930's seme roads of this 
material were laid In Europe, with one particular stretch in 
New Cross, England lasting until the 1960's. It has been only 
recently that interest has been rekindled. It is reported that 
in excess of 10,000 miles of rubberized roads have been laid. 
Battelle Institute has in press a report on work they had done 
with rubberized asphalt. 

The City of Phoenix, Arizona laid in excess of 208,000 square 
yards of rubberized asphalt on its major streets and airport 
aprons in the sumner of 1971, with far less disruption of traffic 
and far less cost than with conventional materials. The city ex- 
pects ten years of maintenance free service all at a substantial 
savings to the taxpayer [31]. 

Recycled rubber particles are utilized by Minnesota Mining 
and Manufacturing in making a base for athletic fields, tennis 
courss, race tracks and track fields. General Motors Research 
Center has found that by mixing 10 to 12% rubber with proportion- 
ate amounts of coal, a desirable fuel is developed with a BTU of 
13,500 per pound of mixture. The undesirable hydrocarbons 
associated with the burning of tires reportedly disappears. 
Northern States Power Company in Minnesota ran similar tests in 
1973-74. Personnel at the University of Wisconsin have been in- 
terested in the direct molding of these rubber particles mixed 
with certain additives such as cellulose fines and synthetic 
powdered resins, such as polyethylene and polypropylene, A dra- 
matic increase in strength and elongation can be achieved by in- 
corporation of only 10% by weight of polyolefins. 

The destructive distillation of these rubber particles might 
be even more exciting since they can now be shipped at much less 
cost to distillation sites. Work has been done in evaluation of 
the types of yields in the distillation process. The amounts of 
solid residue, oil or gas produced depends on the temperature of 
the distillation process [32], 

Work done by the Firestone Tire and Rubber Company of Akron, 
Ohio in conjunction with the U,S. Bureau of Mines, determined 
that the destructive distillation of scrap tires is technically 
feasible. The economic feasibility has yet to be determined; 
cost of shipping the tires to distillation plants is a critical 
point. In this study, over 150 gallons of oil per ton of tires, 
1500 cubic feet of gas per ton of tires (comparable in heating 
value to natural gas), and 850 pounds of residue per ton of tires 
were obtained via destructive distillation. 
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other special treatments of the particles could also be 
utilized such as the production of ion exchange resins. For in- 
stance, the Savannah River Ecology Laboratory at Aiken, South 
Carolina is researching the feasibility of using rubber particles 
to filter mercury from contaminated streams. 

Another exciting development is the recovery of metal and 
insulation from used wire and cable materials. Methods now em- 
ployed involve the burning or dissolution of the insulation off 
the metal which are slow, expensive processes and produce either 
oxidized and carbonized coated metal or expensive solvent recov- 
ery problems. The resulting metal often would have to be fur- 
ther refined. Cryogenic processing is rapid and clean and the 
metal is easily recovered intact. 

Often times plugs, sockets and switches have high impact 
phenolics or phthalates as insulators which resist fracture. 
Cryogenic processing embrittles these materials and due to dif- 
ferent coefficients of expansion of the insulator and metal, 
separation is attained more easily. 

Laminates of metal and polymer sheets, which usually involve 
some adhesive, can be separated if there is sufficient embrittle- 
ment of the adhesive or polymer. Also delamination of polymer 
laminates is readily obtained if one of the polymers becomes 
brittle. Upon impact the embrittled polymer fragments and re- 
leases itself from the still flexible portions of the laminate^ 

By cryogenic processing of coated materials one can easily 
remove the polymer coating if the coating (normally a paint formu- 
lation) becomes brittle. Adhesion is considerably reduced es- 
pecially under impact, A particular application could be the 
cleaning of hooks and holders for articles being sprayed or dip 
coated. Sometimes just dipping into the liquid nitrogen provides 
enough thermal stresses to fracture the coating. 

The applications for cryogenic recycling have also been ex- 
tended to handling entire automobiles and large metal pieces. 
Mr. George of Liege, Belgium, freezes the entire automobile for 
recycling. The freezing makes it possible to use less horse- 
power for the fragmenting and, even more important, aids in sepa- 
rating the nonferrous from the ferrous metals. Freezing does 
not affect the metals such as burning does, therefore, this 
process produces a high grade of nonferrous metal. 

In addition. Stainless Processing Company of Chicago, 
Illinois, using cryogenic technology developed by Air Products 
and Chemical Inc=, is processing motors, generators, and electrical 
equipment [33], 
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Perhaps the most recent study is the feasibility of removing 
the hair from the skin of the hog inriediately following its kill- 
ing. It is reported that the common practice today is to "steam 
cook" the hide so that the hair can be more easily removed. In 
so doing this, the hide is conditioned so that it can be used only 
for gelatin. By chilling it appears that the hair can be removed 
cryogenically leaving a sk1n suitable for leather, a much higher 
value product. 

The cryogenic process is effective and efficient; the proper 
market for the separated materials can make it economical- With 
the priorities of our country put into proper perspective, wide 
use of the process can become a reality. 

It would appear that the cryogenic age for recycling is upon 
us. It will be a challenge to be a leader in Its development. 
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THE ROLE OF THE MINISTRY OF THE ENVIRONMENT 
IN THE DISPOSAL OF LIQUID INDUSTRIAL WASTE IN ONTARIO 

This paper describes the present status of the disposal of liquid 
industrial wastes in Ontario and the factors leading up to pre- 
sent concerns. Ministry actions to deal with the problem and 
the subsequent implementation of the current way-bill system are 
discussed. The development of a proposed regulation for the con- 
trol of liquid waste disposal is outlined. Finally, the pro- 
posals for treatment and disposal facilities from the private 
sector are discussed in the context of data generated by the 
way-bill system. 
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THE ROLE OF THE MINISTRY OF THE ENVIRONMENT 
IN THE DISPOSAL OF LIQUID INDUSTRIAL WASTES IN ONTARIO 

W. J. Hogg 
and 
E, W. Turner 

INTRODUCTION 

Liquid industrial wastes? Hazardous wastes? Toxic 
wastes? What class of materials are we thinking about when 
we use these terms? 

For the purpose of discussion in this presentation, 
liquid industrial wastes are arbitrarily defined as those 
wastes which are normally hauled away from their place of 
origin for disposal. In other words, wastes which, for a 
variety of reasons, are not treated or disposed of by the 
generating industry at the plant site. 

We might also include the definition of hazardous 

materials borrowed from the Federal Government: 

"Hazardous material means any material 
or combination of materials which pose 
a substantial present or potential 
hazard to human health or living 
organisms because such materials are 
lethal, non-degradable, persistent 
in nature, capable of being biologically 
magnified, or otherwise cause or tend 
to cause direct or cumulative detri- 
mental effects". 
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There are many reasons why the generators of these 
wastes elect not to treat and/or dispose on site. Without 
doubt, the prime reason is "economics". Where volumes are 
small or where the wastes are produced in batches at ir- 
regular intervals , it obviously does not make sense to the 
generator to invest capital in suitable treatment and dis- 
posal facilities. His case is further strengthened by the 
fact that it is an easy task to thumb through the "yellow 
pages" under "Waste Haulers" and to select a hauler who 
will be more than willing to take away the wastes. The 
hauler will charge for this service , usually on a cents 
per gallon basis , and although the cost may be high , when 
compared to the costs of capital investment, overhead, 
operation and maintenance which the generating company 
would otherwise have to bear, it is often a bargain. 

The wastes may not be amenable to "conventional 
treatment" techniques and the generator may not wish to 
get involved in sophisticated technology which would re- 
quire specialized personnel. 

Other considerations may be the lack of appropriate 
technology or technical staff, prohibitive municipal 
sewer-use by-laws or just the plain reason of not wishing 
to get into the waste treatment and disposal business. 
We think it would be a fair statement to say that most 
industries which generate wastes and which operate waste 
treatment facilities would prefer to direct their technical 
and financial resources to productive operations. 
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Finally, there is the question of legal and moral 
obligations. Certainly, in Ontario, it is illegal to 
dispose of wastes in other than an approved manner. Sec- 
tion 40 of The Environmental Protection Act, 1971, states: 

"No person shall deposit waste upon, in, 
into or through any land or land covered 
by water or in any building that is not 
a waste disposal site for which a 
certificate of approval or a provisional 
certificate of approval has been issued 
and except in accordance with the terms 
and conditions of such certificates" . 

Section 32 of The Ontario Water Resources Act, R.S.O- 

1970, states: 

"Every municipality or person that dis- 
charges or deposits or causes or permits 
the discharge or deposit of any material 
of any kind into or in any well, lake, 
river , pond , spring stream reservoir or 
other water or watercourse or on any 
shore or bank thereof or into or in any 
place that may impair the quality of the 
water... is guilty of an offence and on 
summary conviction to a fine of not more 
than $5,000. . . .etc." 

On the moral question, we believe many companies 

recognize a moral obligation not to pollute the environment 

and these companies are just as concerned as the Ministry 

over disposal of their wastes. Unfortunately, however, it 

appears that many companies either through ignorance or 

a lack of concern over the environment dispose of their 

wastes in the cheapest and easiest way possible, without 

due regard to where these wastes may end up. Part of the 

job of this Ministry is to educate such companies and to 

change their thinking. 
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TYPES OF LIQUID INDUSTRIAL WASTES 

In Table 1, liquid industrial wastes have been 
classified into two broad categories; "organic" and 
"inorganic". This classification is convenient in that 
these two general categories of wastes normally require 
different treatment and disposal methods. 

Tables 2 and 3, while certainly not comprehensive, 
indicate some of the types of waste in each category re- 
spectively, which are commonly encountered in Ontario, As 
you can see these wastes cover a very wide spectrum which 
is one of the reasons why treatment and disposal is a 
problem. We would like to point out that every industrial- 
ized country is facing this problem and despite the efforts 
which are being directed towards finding solutions, there 
does not appear to be an easy solution forthcoming. 

VOLUMES OF LIQUID INDUSTRIAL WASTES IN ONTARIO 

For illustrative purposes, Table 4 presents some 
estimates of the volumes of these wastes which must be 
treated and/or disposed of annually in Ontario. An 
accurate estimate of the volumes is difficult to make. 
A manual survey of all industry in the Province would be 
restrictive from a manpower point of view and a question- 
naire approach must always be suspect because industry 
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itself quite often does not have accurate data on the 
volumes of waste disposed. An alternative approach is to 
estimate the volumes from a knowledge of the materials 
being hauled for re-use, reclamation, landfilling, shallow 
well disposal, etc. This approach is also unlikely to 
yield an accurate estimate because it does not account for 
illicit disposal. 

Probably the only method by which an accurate 
estimate can be made is through a legal mechanism requiring 
the generators to report to the Ministry on the volumes of 
waste disposed. This aspect will be covered later. 

Despite these drawbacks, we believe it is still 
possible to "guestimate" the volumes of waste using avail- 
able information and some sooth-saying. Probably in 
Ontario at this time the total volumes of liquid industrial 
wastes being generated amount to some 4 to 50 million 
gallons per year: 

- organic 15-20 million gallons/year 

- inorganic 25-30 million gallons/year 
Fortunately for the Ministry, this is a relatively small 
amount when compared to say the greater Detroit Area in 
Michigan which is in excess of 300 million gallons. 
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HISTORICAL REVIEW 

Historically, in Ontariq, industry disposed of its 
liquid wastes by either dumping them on an appropriate 
landfill site or by using shallow disposal wells in the 
Sarnia, Lambton County area. Certainly, where wastes 
could be reclaimed or re-used economically, this was done 
but this was the exception rather than the rule. Solvent 
recovery and waste oil reclamation are two examples which 
come to mind. 

When problems occurred with disposal into the Detroit 
River Formation in Lambton County, the Ministry decided 
to prohibit the disposal of liquid industrial wastes into 
the formation. This was done by regulation which became 
effective in April, 1974, When the regulation was developed, 
it was recognized that alternative facilities would be 
required and the Ministry believed it had a commitment 
from the disposal industry to develop a cambrian disposal 
well in the Sarnia area as an alternative. Incineration 
facilities for organics had been provided earlier by the 
Goodfellow Group who also operated a landfill site . 

Back in 1970, it was recognized that disposal of 
liquid wastes was becoming a problem in the Metro Toronto 
area and that there was need for a centralized facility 
to handle the wastes. The Ministry acquired property in 
Mississauga and invited bids from companies interested in 
establishing such a facility on that site. In 1973, TRICIL 
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Waste Management Limited officially opened an incinerator 
to handle organic wastes. This was Phase I of a two-phase 
project. Phase II was to be the construction of physical/ 
chemical treatment facilities with access to the South 
Peel Sewage Treatment Plant for biological treatment. 
Phase II has not been developed. 

The Mississauga facility was built at a cost of 
$1.0 million with a capacity of 15 million gallons per 
year. To date, it has handled a little over 3 million 
gallons per year, 

A third incinerator was built around the same time 
in Hamilton by a consortium of private investors. This 
facility , like the Mississauga one , has not been able to 
realize anywhere near its potential and consequently, both 
are deemed unprofitable at present. 

There were also numerous other small landfill sites 
around the Province which were approved to accept liquid 
wastes. The famous ski-hill in Etobicoke, when under 
construction, was used to dispose of millions of gallons 
of liquid industrial wastes. 

THE PROBLEM 

The fundamental problem facing the Ministry is the 
lack of treatment and disposal facilities throughout the 
Province. The shallow disposal well in the Sarnia area 
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should be closed down. The Beare Road landfill site 
operated by Metro is filled to capacity and Metro does 
not wish to accept any more liquids into the site . The 
Ccunbrian well in the Sarnia area and the Phase II facili- 
ties at Mississauga have not been developed. 

The Disposal Industry, in discussions with the 
Minister and with Ministry staff, stated that further 
investments in waste disposal facilities cannot be made 
until such time as the Ministry implements stringent con- 
trols on the disposal of liquid industrial wastes. Further, 
the industry stated that it favoured regulations as opposed 
to more rigid enforcement of existing legislation. 

The dilemma facing the Ministry , however , was that 
it did not see how it could regulate the disposal of wastes 
until such time as suitable disposal facilities were 
available. In order to resolve this dilemma, the Ministry 
decided to construct a cambrian disposal well and expended 
considerable effort during 1975 working on the project. 
Completion of the well was deferred in the Fall of 1975 
because of the government ' s financial restraint program. 

In the Fall of 1975, the Honourable George A Kerr, 
upon returning to the Environment portfolio, was concerned 
to find that the liquid waste disposal problem had not 
progressed substantially since he was previously in the 
Ministry. Following discussions with the Disposal Industry 



- 417 - 



and recognizing the validity of their argument, the 
Minister made a commitment to develop an improved con- 
trol mechanism regarding the disposal of liquid indus- 
trial wastes. At the same time, he made it clear to the 
Disposal Industry that he expected them to do their part 
and develop the needed facilities. 

Thus the immediate priority within the Ministry 
is the development of a suitable control mechanism for 
the disposal of these wastes. 

DEVELOPMENT OF CONTROL MECHANISM 

By examination of the existing legislation, it was 
determined that Sections 14, 40 and 41 of The Environmental 
Protection Act provided the framework for a control program- 
Section 14 makes it an offence to discharge a contaminant 
to the natural environment which is likely to impair its 
quality. Sections 40 and 41 require certificates of approval 
for disposal sites and for waste management systems. 

Based on these three Sections , it would be possible 
to launch a policing action against waste handlers and 
operators of disposal sites without further recourse to new 
regulations or legislation . This approach was examined 
and it was easily seen that a veritable army of Provincial 
officers would be necessary to continually check on a 
multitude of industrial operators , haulers and disposal 
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site operators. Checking would involve visiting sites, 
surveillance at all hours, sampling wastes and detailed 
laboratory analyses . The costs of such a program would 
be astronomical and time consuming. 

Alternatively, Section 94(4) of The Environmental 
Protection Act authorizes the Lieutenant Governor in 
Council to make regulations concerning waste management. 

The decision however to formulate a regulation 
must not be taken lightly and should be avoided if other 
methods to achieve the end result are reasonably available 
The end result we are looking for in the liquid industrial 
waste situation is the assurance that all such wastes, 
when ultimately released to the environment, will not 
impair the quality of the environment. Environment in 
this context refers to land, water and air. 

The concept of a self-policing regulation was 
investigated as a more effective and less costly control 
technique. 

VOLUNTARY WAY-BILL SYSTEM 

Under this concept the two parties to a disposal or 
transfer of liquid industrial waste would be required to 
report independently to the Ministry. A comparison could 
be made quickly by electronic data processing equipment 
and an exception report provided to field operations per- 
sonnel for action. 
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A preliminary appraisal indicated that this pro- 
posal meritted a more detailed examination. Accordingly, 
in January of this year, a trial "voluntary way-bill" 
system was launched with the co-operation of industry, 
haulers of waste and operators of disposal sites. 

A three-part form was designed (Figure 1) and dis- 
tributed to haulers who were asked to provide the following 
information each time they picked up a load of liquid 
industrial waste: 

Source name and address 
- Type of waste and quantity 

Time of loading 

Signature of person who releases shipment at source 

Hauler* s name and address 

Method of shipment and vehicle license number 

Destination and hauler's signature 
Copies of forms covering all transactions were to be 
mailed to the Ministry at the end of each month. Upon 
receipt, basic information was to be tabulated according 
to hauler and the forms themselves separated into waste 
categories. 

This system has been in effect for five months using 
hand tabulation methods. An EDP system was not available, 
and consequently, only very basic information could be re- 
corded. Periodic summaries are sent to Ministry field 
operations for comment and any necessary follow-up. 
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Co-operation from industry and the haulers in this 
project has been excellent considering it is entirely 
voluntary. To date some 32 haulers have been reporting 
and from this we have obtained a feel for the kind of 
problems which could arise using a formal system. 

The data for the period January to April is summarized 
in Figures 2 and 3. Data for January covers a partial 
month and that for April is incomplete since all forms are 
not yet in. 

The following comments and conclusions can be de- 
rived; 

1. Wastes classified as sludges contributed a 
greater than anticipated volume; 

2. Extrapolation of what amounts to three months 
data indicates that 32 haulers would account 
for 20 million gallons of waste per year. It 
is known that not all haulers participated, 
and therefore, it could be concluded that 
total liquid industrial waste handled in 
Southern Ontario could be as high as 30 to 40 
million gallons per year; 

3. It is surprising to note that about one-sixth 
of the total waste is deposited in landfill 
sites. This statistic should be viewed with 
discretion since the category entitled "other" 
undoubtedly includes lagoons and other interim 
storage facilities prior to landfill; 
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4- To be most useful, any formal way-bill system 

should report more detail on actual source 

and ultimate method of disposal; 
5* The four broad categories used in this voluntary 

system should be broken down into more specific 

classifications; 

6. The assembly of this elementary data required 
the services of one person approximately ten 
full working days per month; 

7. In order to fulfill the intent of a full 
regulation to actually "police" the disposal 
of waste a more specific cross check of waste 
type and category of disposal facility is 
necessary. 

PROPOSED REGULATION 

A decision was made, based on experience with the 
"voluntary way-bill" system, to proceed with preparation 
of a formal regulation to control transfers of liquid 
industrial waste. 

As a starting point, the following criteria were 
established: 

1, The regulation must be self-policing, that 
is to say, control must be achieved by an 
exception procedure rather than constant 
surveillance of each transfer; 
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2. Independent reporting of the transfer of a 
waste from producer to hauler and from hauler 
to disposal site operator is required in 
order to achieve the self-policing feature; 

3. The information submitted must be in a form 
amenable to electronic data processing; 

4. An EDP program must be available to match the 
two sets of information from producer and 
disposer and report exceptions; 

5. If possible, the proposed regulation should 
fall within the scope of the existing 
legislation. 

Following discussions with the Ministry's Legal 
Branch, Field Operations , waste haulers and disposal 
site operators , a draft regulation has been approved by 
the Registrar of Regulations. In essence, it requires the 
hauler of waste to provide the producer of the wastes with 
a numbered form supplied by the Ministry, The producer 
is required to provide information concerning the descrip- 
tion and amount of waste being transferred and the date, 
time and place of the transfer and forward a completed form 
to the Ministry. The hauler of the wastes is further re- 
quired, when he delivers the waste to an approved disposal 
site , to provide the operator of the disposal site with 
a numbered form issued by the Ministry for completion by 
the operator. The operator is to provide a description 
and amount of the waste received, his certificate of approval 
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number and date and method of disposal before forwarding 
the form to the Ministry. Upon receipt of the forms from 
the producer and the disposer, it is intended to compare 
them, note any discrepancies and investigate such dis- 
crepancies with the operator concerned. Inherent in the 
regulation is the statement that no one shall deliver 
liquid industrial waste to any person except the holder 
of a Certificate of Approval for a waste management system 
or a waste disposal site. 

At the moment, the draft regulation is under considera- 
tion for final approval by Senior Ministry management 
before forwarding to the Minister. 

A number of interesting questions arose in trans- 
lating the criteria into a workable regulation. In the 
interests of reducing non-essential paperwork, the defini- 
tion of liquid industrial waste required careful wording 
to exclude from the regulation such items as sewage sludge, 
waste discharged legally into municipal sanitary sewers 
and waste disposed of legally on the site where it is pro- 
duced. In particular, it became necessary to exclude 
waste oil or other waste liquids used for other purposes 
such as recycling or road oiling. Waste oil is currently 
under consideration in a separate project. 

Legal opinions had to be developed to ensure that 
the regulation would hold water under The Environmental 
Protection Act. It was ultimately determined that the 
authority resided in Section 94(4) (g) relating to the 
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keeping of records and reporting since a generator could 
be reasoned as operating a waste management system. If 
such reasoning had not been justified, a more complex 
change to The Act would be necessary. 

A problem not completely resolved is the description 
to be applied to various wastes. For example, in the course 
of segregating types of wastes from our "voluntary" pro- 
gram, we ended up with 40 different types of inorganic 
liquids, 46 organics and 27 different sludges. Obviously, 
it will be difficult to handle this kind of information 
even with an EDP system. 

SUMMARY 

In summary, it is concluded that significant gains 
in the control and disposal of liquid industrial wastes 
can be achieved by making a regulation to document and 
control the movement of all liquid industrial wastes. A 
secondary important benefit arises from the incentive 
this regulation will provide to the private sector for 
the construction of suitable liquid waste disposal facilities 
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WASTE TREATMENT AND DISPOSAL TECHNOLOGY 

We have just discussed the need for additional 
and alternative treatment and disposal facilities and 
reviewed the development of a control mechanism. A 
few words on the types of treatment and disposal 
facilities which can be applied to liquid industrial 
wastes now seems appropriate. 

Technology Presently Used in Ontario 

Table 5 shows the methods of treatment and 
disposal presently practiced in Ontario. Reclamation 
and re-use is limited to solvent recovery, waste oil 
recovery and re-use for fuel and road oiling, and pickle 
liquor re-use for phosphorus removal at sewage treatment 
plants. Wastes are presently being disposed by incinera- 
tor, landfilling, shallow well disposal and illicit means. 
Solidification has had limited application to date, being 
used to " fix" mercury containing sludges from defunct 
mercury-cell, chlor-alkali plants. 

General Review of Technology 

Table 6 indicates some of the technology which 
can be applied to the problem of liquid industrial waste 
treatment and disposal. A paper could easily be written 
on each of these items but a few pertinent comments at 
this time will have to suffice . 
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1. Reclamation and/or Recovery 

It goes without saying that in this era of 
energy and resource shortage, reclamation and recovery 
should be practiced to the maximum. Unfortunately, in 
most industrialized countries, reclamation and/or re- 
covery is governed by economics rather than need. Tech- 
nology is available to reclaim or recover many materials 
but unless suitable economic gains can be demonstrated 
or unless markets are available for recovered products , 
there is no incentive to industry. Perhaps the incentives 
should be provided by governments in the way of penalties 
for any materials discarded which have value? 

Solvent recovery and waste oil recovery appear 
to be viable at this time . Waste oil reclamation , eg . , 
re-refining of used motor oils, etc. , does not appear to 
be viable in Ontario, possibly because it cannot compete 
with the use of these waste oils for road oiling. For 
your information, the Ministry of Transport and Communica- 
tions has been studying the 'Waste Oil Problem' in the 
Province and is expected to issue a report shortly. 

Many metals can be recovered, sometimes in 
the form of the metal itself by simple processes but more 
often in the form of 'unusable' metal oxides or hydroxides. 
There appears to be a need for research into the recovery 
of metals in forms which can be more readily used by the 
metal manufacturers and finishers. 
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2. Re -Use 

Road oiling using waste oil cind pickle liquor 
use for phosphorus removal are two examples of re-use which 
readily come to mind. There must be, however, many other 
wastes which could be re-used if firm supplies in sufficient 
quantities could be guaranteed. 

3 . Incineration 

Incineration needs little comment other than 
to point out that the operators of incinerators are finding 
that supplies of 'rich* wastes are scarce. Presumably this 
is associated with the energy crisis and the re-use of 
more wastes for fuel. Without adequate supplies of 'rich' 
wastes, the incineration of lean wastes must be supplemented 
with a conventional fuel which becomes expensive and 
which is also difficult to rationalize in view of the 
energy crisis. 

One problem which concerns the Ministry is the 
lack of suitably equipped incineration facilities to handle 
halogenated organics. None of the incinerators in the 
Province is equipped with scrubbers and so these wastes 
frequently have to be shipped to 'Chemtrol' in New York 
State for disposal. 

4 . Incineration in Cement Kilns 

This is an interesting development which 
resulted from Federal/Provincial studies. Chlorinated 
organics can be successfully burned as fuel in cement kilns 
with no emission problems. In fact, for certain grades 
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of low alkali cement the process appears to be beneficial 
to the cement-making process. Waste crankcase oils can 
also be burned without problems of lead and vanadium 
emissions. The value of these wastes as fuel makes this 
approach extremely attractive to the cement manufacturers, 
5 . Deep Well Disposal 

The disposal of wastes through the use of deep 
wells has been the cause of much controversy in the U.S.A. 
It has been established that in one particular case, a 
minor earthquake was actually caused as a result of 
lubricating a geological fault. In Ontario, we are for- 
tunate in having a formation known as the Cambrian Forma- 
tion which is a porous sandstone lying at depths of 
approximately 2000 to 4000 feet below surface. This 
formation is relatively free of faults and, providing 
adequate precautions are taken in the selection of loca- 
tion, the design and operation of the well, this method 
of disposal has merit for certain types of wastes. There 
are certain inherent constraints on the types of waste 
which can be injected into this formation, and in order to 
minimize the risks of plugging the well, any operator is 
going to ensure that only suitably pre-treated wastes are 
injected. To some extent, there, the well is self- 
controlling . 
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The Ministry believes that disposal into the 
Cambrian Formation is a valid method of disposing of cer- 
tain types of waste which would otherwise require extensive 
alternative processing. The types of waste in question 
are concentrated brines, inorganic salt solutions and 
certain types of toxic wastes. 
i* Solidification 

The process known as solidification or 
chemical fixation has been known for a number of years 
but has had limited application in Ontario. 

The best known process is one involving the 
use of "silicates", normally added as liquid sodium 
silicate. In some respects it can be considered analagous 
to making concrete with liquid wastes replacing the water. 
In conjunction with an Ontario company, Ontario Liquid 
Waste Disposal Limited of Cambridge, the Ministry is 
running trials on a variation of this process. The pur- 
pose of the trials is to evaluate the process as a means 
of disposing of wastes and to provide information for 
developing controls on the process and on the disposal 
of the "solidified" material.: 

Initial results of the trials suggest that heavy 
metals are sufficiently bound to satisfy conditions likely 
to be encountered when the solidified materials are landfilled 
The process appears to have merit in handling certain 
classes of inorganic wastes, however, more work is required 
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before the Ministry will be able to give formal approval 
to the process on a continuing basis. 
7. Landfilling 

Technically, the process of landfilling can 
be considered acceptable providing the landfill site is 
properly located, designed, constructed and operated. 
The major technical concern with landfilling is the severe 
potential for groundwater contamination. On the other 
hand , when considered from a land-use basis , landfill 
operations raise some valid concerns with the public. 

The Ministry recognizes that landfilling 
operations for the disposal of liquid industrial wastes 
will probably be necessary in the short term until 
alternatives are available. As a general policy, however, 
the Ministry believes that liquid industrial wastes 
should receive the best practicable treatment to minimize 
their hazardous and toxic potential before being disposed. 
Therefore, in Ontario, efforts will be directed towards 
phasing-out the direct landfilling of liquid industrial 
wastes in favour of alternative methods of treatment and 
disposal. 

Sludges resulting from industrial processes , 
from wastewater treatment processes and from air scrubbing 
operations which cannot be practicably treated further, 
will require landfilling. Landfill sites for these 
materials should be constructed on the "scientific landfill" 
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basis where the landfilling is done in small cells, each 
of which is designed and constructed to contain the wastes 
with a minimum of water infiltration. In this way, the 
types of materials disposed can be controlled with 
appropriate segregation and records can be kept on the 
exact location of the various types of wastes for future 
reference. 

8. Treatment 

As you can see from Table 6, the types of 
treatment utilized in processing liquid industrial wastes 
are generally the well-proven unit operations. Ion ex- 
change, reverse osmosis and electrochemical processing 
have limited application but may be utilized more extensively 
as government restrictions become tighter. 
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TREATMENT AND DISPOSAL FACILITIES REQUIRED 

IN ONTARIO 



With the wide variety of liquid industrial wastes 
generated in Ontario, there is application for each and 
every one of the processes listed in Table 6. 

Certainly the Ministry intends to continue to pro- 
mote reclamation , recovery and re-use . 

There is adequate incineration capacity in the 
Province at present for general organics but there is 
need for a facility to handle halogenated organics, 
eg. , PCBs. 

The Ministry believes that there is a need for 
one or more cambrian disposal wells and that solidifica- 
tion has application providing it proves out. Associated 
with the Cambrian well is the need for extensive pre- 
treatment facilities and these facilities could also 
serve to treat wastes which are not destined for deep 
well disposal. 

There is a very urgent need for scientific land- 
fill sites at strategic locations throughout the Province. 
These sites are needed to dispose of industrial sludges and 
residues, treatment residues , exotic chemical wastes , etc. 
This need is particularly urgent in the Metropolitan Toronto 
and Hamilton areas. 
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Although the Ministry is encouraging the develop- 
ment of alternatives, at the same time it must be cognizant 
of the limitations of the available market and the poten- 
tial for inadvertantly creating a monopolistic situation. 

PROPOSALS RECEIVED BY THE MINISTRY 

The Minister and Ministry staff have talked to many 
companies who have expressed an interest in developing 
treatment and disposal facilities in Ontario. As a re- 
sult of these discussions, four proposals have been sub- 
mitted to the Minister which, subject to Ministry and 
local government approval, could lead to facilities being 
available later this year or early in 1977: 

a) Cambrian Disposals Limited - Chatham 

This company is proposing to develop and 
operate a cambrian disposal well. The site selected for 
the well is Canborough Township, west of Hamilton. This 
site was selected primarily on account of favourable 
geological conditions but also due to its proximity to 
the industrialized areas. This proposal is being developed 
in conjunction with TRICIL Limited. 

'h') The D & D Group - St. Catharines 

This Group is proposing to establish a re- 
clamation, treatment and disposal facility similar to the 
one operated by 'Chemtrol' in Model City, New York State. 
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An important aspect of this proposal is the establishment 
of a scientific landfill site. The proposed site for this 
development is in Nanticoke and it is envisaged that the 
facility will serve local industry and possibly industry 
from the Hamilton and St. Catharines areas, 

c) Ontario Liquid Waste Disposal Limited - 

Cambridge 

This company is proposing to establish a 
facility for operating a solidification process to handle 
specific types of inorganic wastes. Approval of this 
proposal is subject to the outcome of the trials presently 
being conducted and finding a suitable site, 

d) TRICIL Limited 

TRICIL is proposing to establish a physical/ 
chemical treatment facility at its Mississauga site to 
provide for the pre- treatment requirement of the cambrian 
well to be operated by Cambrian Disposals Limited, and 
also to provide treatment for a variety of inorganic 
wastes. This proposal constitutes part of Phase II of 
the concept originally proposed for the Mississauga site 
and will primarily serve the greater Metropolitan Toronto 
and Golden Horseshoe areas. 
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FUTURE NEEDS FOR ADDITIONAL CONTROLS 

Without entering into much discussion, it seems 
appropriate at this point to mention some of the areas 
where it is seen that future additional controls may be 
needed in order to establish a properly managed liquid 
industrial waste disposal program in the Province: 

- more detailed way-bill requirements, specifi- 
cally with respect to the chemical nature of 
wastes being hauled; 

- controls to direct specific types of materials 
to specific locations for treatment and disposal 
(this will reflect more, particularly on 

exotic type wastes) ; 
^ guidelines or standards for the design, con- 
struction and operation of landfill sites, 
both for sites handling liquids directly and 
for those handling sludges, residues, etc.; 

- guidelines for the solidification process and 
for the disposal of solidified materials; 

- guidelines or regulations respecting the use 
and disposal of waste oils. Of particular 
concern is the issue of road oiling; 
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guidelines or regulations to complement 
existing regulations regarding all aspects of 
the transportation of hazardous wastes. Both 
the Federal Government and the Province are 
working in this area. Of particular concern 
are spills and the ability to effectively 
deal with them. 



FINAL NOTE 

Perhaps the one point which has arisen from this 
presentation is the urgent need for improved management 
of liquid industrial waste treatment and disposal- We 
have come a long way in the fields of wastewater manage- 
ment, air management and solid waste management in recent 
years but the field of liquid industrial waste disposal 
appears to have been largely overlooked until recently. 

In the future, this Ministry is going to require 
new industries to make decisions regarding the disposal 
of liquid industrial wastes prior to start-up of the 
plant. It will no longer be satisfactory to say that 
liquid wastes will be handled by an external hauler or 
disposal company. The Ministry will require prior de- 
tailed information on the volumes and nature of projected 
wastes and an indication that the selected method of 
disposal will be satisfactory. 
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It is only through tighter government controls 
and the full support and co-operation of all segments of 
industry that we are going to resolve this problem and 
ensure that the environment is adequately protected for 
future generations. 
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TABLE 1 
CLASSIFICATION OF LIQUID INDUSTRIAL WASTES 

ORGANICS: 

a) Rich liquids (oils^ solvents^ etc) 

b) Lean liquids (including low concentration 

emulsified cutting oils) 

c) Halogenated organics 

d) Sludges 



I.WRGANICS: 

a) Acids - used and spent 

b) Bases - used and spent 

c) Neutral salt solutions 

d) Sludges 
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TABLE 2 
EXWLES OF 0R6A.JIC WASTES: 

Petroleum Refinery Wastes 

Waste Oils 

Paint and paint sludges 

Spent Coolant and Cutting Oils 

Semi-solids from Tanks and Lagoons 

Pesticide Solutions 

Cleaning Fluids 

Detergent and Cleaners 

Phenols 

Animal Fats and Oils 

Spent Solvents 

Off-specification Chemicals 

Monomers and Polymers from Plastics Industry 

Distilling Wastes 

Dairy Wastes 

Tannery Wastes 

Food Processing Wastes 
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TABLE 3 
EXAMPLES OF INORGANIC WASTES: 

Spent Caustic Solutions from Petrochemical Operations 
Pickle Liquors from Steel Processing 
Galvanizing Wastes 
Plating Wastes: - Copper 

- Nickel 

- Chrome 

- Zinc 

- Cadmium 

- Cyanide Solutions 
Metal Finishing Cleaning Wastes 
Anodizing Wastes 
Off-specification Chemicals 
Air-scrubber Effluents: - Lime Base 

- Caustic Base 

- Water Base 
Semi-solids from Tanks and Lagoons 
.Neutral Salt Solutions: - eg.^ Spent Brines 

Cavern Washing Brines 
Water Conditioning System Blowdowns 
Boiler Clean-out Wastes 
Heating System Slowdown Wastes 
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TABLE ^\ 

ESTIMATES OF VOLUMES OF LIQUID INDUSTRIAL WASTES 
TO BE DISPOSED 11 ONTARIO 



1970 - Industrial Market Survey of Organics in Greater Metropolitan 
Toronto Area 



197^ - Ministry Estimate 

Organics being Incinerated at three 

Incinerators 7-9 million g/yr 

Shallow Well Disposal (Sarnia area) 10-12 million g/yr 

Known Landfilling Operations 6-8 million g/yr 

TOTAL 23-29 million g/yr 



1976 - Estimate of Probable Waste Volumes 

Organics: 15-20 million gallons/year 
Inorganics: approx. 25 million gallons/year 
TOTAL 40-45 million gallons/year 
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Ministry ot the 
Environment 



Ontario 



PLEASE PRINT CLEARLY 

Source: 



Transport and Disposal of 
Liquid Industrial Waste 



Company Name 



Address 



Type of Waste 



Time of Loading 



day 



yr. 



hour 



arn 
prT> 



Quantity (lbs. gal. etc.) 



Shipment Released by 



Title 



Signature 



Carrier: 



Name 



Address 



Method of Shipment 
bulk drums other 



Vehicle Licence No. 



Destination 



Driver 



Date 



20-003 12/75 



Driver's 
Signature 



SOURCE 



Figure 1 
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VOLUNTARY WAY BILL SYSTEM 



LIQUID INDUSTRIAL WASTE REPORTED 



RY TYPE 







1000 


IMPERIAL GALLONS 




1976 


Organic 
Liquid 


NoN Organ 

-IQUID 


lie 


Waste 
Sludge Oil 


Total 


January (part) 


321 


167 




76 29 


593 


February 


52^1 


i»13 




839 113 


1919 


March 


i*73 


520 




120 121 


1531 


April (part) 


173 


329 




370 52 


921 



1191 



1159 



1705 



315 



5000 



TOTAL ALL TYPES - 5000 



NUMBER OF HAULERS REPORTING - 32 



June, 1975 



Figure 2 



- 444 - 



VOLUNTARY WAY BILL SYSTEM 

LIQUID liTOSTRIAL WASTE 
REPORTED BY DISPOSAL METHOD 



January 
February 
March 
April 



LANDFILL 


OTHER 


as 


505 


269 


1680 


343 


1191 


10 


9W 


710 


4290 



June. 1976 



Figure 3 
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T'\I5LE 5 

PRESE.NT METHODS OF HANDLING 
LIQUID INDUSTRIAL WASTES IN ONTARIO 



1) Reclamation and Re-use 

2) Incineration 

3) Landfilling 

4) Shallow Disposal Wells into Detroit River Formation 

5) Illicit Disposal into Municipal Sewer Systems 
5) Illicit Disposal on Land and Into Watercourses 
7) Solidification (Limited Application to Date) 
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TABLE 6 

AVAILABLE TECHNOLOGY TO HANDLE 
LIQUID INDUSTRIAL WASTES 

1) RECLAMATION and/or Recovery 

(eg, Waste Oil^ Metals^ Caustics^ Solvents) 

2) RE-USE 

(eg. Road Oiling^ Pickle Liquors for Phosphorus Removal) 

3) INCINERATION 

(With or Without Pre-treatment) 

4) INCINERATION IN CEMENT KILNS 

(chlorinated organics, waste engine oil) 

5) DEEP WELL DISPOSAL 

(Cambrian Formation) 

6) SOLIDIFICATION 

(Chemical Fixation) 

7) LANDFILLING 

("Scientific Landfill") 
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8) TREATMENT 

(Utilizing Well proven Unit Operations) 

- Emulsion Breaking 

- Neutralization 

- Chemical Precipitation 

- Solids Removal and Thickening 

- Gravity Settling 

- Filtration 

- Centrifugation 

- Ultra Filtration 

- Chemical Oxidation 

- Biological Oxidation 

- Carbon Absorption 

- Ion-Exchange 

- Reverse Osmosis 

- Electro-Chemical 
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CONTROLLING PCB DISCHARGES TO THE ENVIRONMENT 



Control of PCBs must start with constraint on use and elimination 
of discharges from manufacturing facilities related to air , water 
and solid waste disposal. Control over the disposal of discarded 
units containing PCBs poses a significant threat that has received 
too little attention. Rupture of units during compaction, release 
through corrosion of cases or in salvage of metals by junk dealers, 
Btorm damage to outdoor transformers, recycle of paper or oil con- 
taining PCBs will continue to increase the pollution of the environ- 
ment after a complete ban on the use of PCBs, Identification of 
specific PCB isomers is possible through solvent extraction, gas 
chromatography and mass spectra. Identification of the specific 
Aroclor source is difficult because of the fact that each Aroclor 
is a mixture of different polychlorinated biphenyls. A change in 
relative amounts of specific isomers occurs according to transport 
path, in biodegradability in solubility and in absorption. The 
greater persistence of more highly chlorinated biphenyls accounts 
for the preponderance of Aroclors 1254 and 1260 being reported in 
analysis of sediments and aquatic life . 




by 



NOLAN A. CURRY 

Chief, Chemical Systems Section 
Bureau of Industrial Programs 

Division of Pure Waters 
New York State Department of 
Environmental Conservation 
Albany, New York 



Mr. Curry earned his BS. ChE from 
Purdue University and his MChE from 
Rensselaer Polytechnic Institute. 
He has had forty-one years experience 
working in industry including six 
years on Industrial Pollution Abate- 
ment Programs. He is the author of 
several papers on wastewater treat- 
ment and disposal of solid wastes. 
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CONTROLLING PCB DISCHARGES 
TO THE ENVIRONMENT 



BY NOLAN A. CURRY 



Figures published in the Federal Register , show that one billion 
four hundred million pounds of PCBs have been manufactured since 1929. 
Of that figure, fifty million pounds have been destroyed and one hundred 
and fifty million pounds have been exported. It is estimated that 
three hundred million pounds are in landfills, one hundred and fifty 
million pounds in air, water, soil and bottom sediments. The remaining 
seven hundred and fifty million pounds are estimated to be contained 
in material and sealed units now in use. On this basis the present 
pollution of our air water and bottom sediments has been caused by an 
estimated one hundred and fifty million pounds of past production. 
Five times this amount is yet to be released to the environment even 
if another pound was never produced. 

It seems necessary to address our efforts, not only to current 
production but to our current control of disposal of units containing 
PCBs. 

Landfills : In the past, disposal to landfills has relied upon the 
adsorption by solid particles to contain the PCB's in the fill. 
Compaction that can rupture the case of capacitors has not been as 
wide spread as it is now becoming. The delay in the discharge from 
normally sealed capacitors depending upon the time required for 
corrosion to destroy the seal of the casing is temporary. Eventually 
the seal will be broken and the PCB's will be released from their 
sealed containers. 
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PCB*s have been found in discharges from the Hudson Falls and Ft. 

Edward landfills used for material discarded from the General Electric 

4 
plants. The chemistry of PCB's show PCB s to be soluble in most 

alcohols, ethers, esters and hydrocarbons. The decay of organic matter 

in a municipal landfill produces organic compounds that can dissolve 

PCB*s and serve as a carrier. 

2 
Platanow showed that corn silage had a remarkable ability to 

solubilize Aroclor 1254, contained in a caulking compound. Two steers, 

fed silage, contained 1.37 and 0.13 ppm in muscle and 4.96 and 1.38 ppm 

3 
respectively in perimuscular fat. Skrenty reported that Aroclor 1254 

in silo sealants (2,000 to 10,000 ppm) contaminated the silage and 
resulted in significant PCB levels in milk. Decaying organic matter 
in a municipal fill can be expected to have a similar solubilizing 
action. 

Materials of an oily nature are not always excluded from landfills. 
Sludges from degreasers are frequently accepted. These will also tend 
to release the PCB's absorbed on solid particles. Organic materials 
such as hexane, are used In analytical work to release PCB's in par- 
ticulate and sediment analysis and show the effectiveness of release 
by solvents . 
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Sewage treatment plant sludges generally contain significant 
amounts of PCBs as shown by a review of PCB levels in the environment 

Unless PCB's are stored in special landfills, with impermeable 
liners, collection of leachate and destruction of PCB's; the contain- 
ment of PCB sent to the present type landfills is not dependable. 
Air Discharges : Air discharges can be in the form of vapors or 
adsorbed on particulates. Natural removal is accomplished by fallout 
or condensation with rain. Methods of sampling and testing are still 
being developed. Pollution can originate from failure of units in use. 

Vapors are more difficult to remove than particulates and are more 
of a problem. The vaporization rates of the different Aroclors will 
vary greatly as is shown in Table II. In addition the various indi- 
vidual components will vary. 

Since the various PCB's tend to have a different vapor pressure 
at a given temperature, the proportion of PCB's in the vapor will be 
different than it was in the liquid. An example is given in figure 1 
from a report by James Mieure . The vapor from Aroclor 1016 is 
a good match for Aroclor 1221. The lower chlorinated peaks (1 and 
below) have increased. Peak #2 has decreased slightly. Peaks 3, 4, 5 
and 6 have been drastically reduced. Thus the source of the vapors 
may be difficult to trace. 
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In general PCB vapors will tend to show an increase in concentration 
of the components with higher vapor pressures. The residue will tend 
to have more of the highly chlorinated biphenyls which have lower vapor 
pressures. Manufacturing plant discharges, vapors released from land- 
fills, spills, reclaimed oils used on roads or stack emissions from 
burning reclaimed oils containing PCB's will all tend to show the shift 
in composition. 

Air discharges from PCB's in recycled heating oils may be variable 
The lower chlorinated oils vaporize more readily and may escape the 
hotter portion of the fire. This is offset by the greater resistance 
to combustion found in the higher chlorinated PCB's. Since PCBs are 
resistant to low temperature incineration, household burners add to 
air pollution. Urban areas show more PCB pollution than rural. 

PCBs adsorbed on solid particulates, would tend to be the less 
volatile constituents with the higher chlorination. It is seldom that 
the distribution of the PCBs, found in the environment, will be a good 
match for the original PCB composition used. 

Both the particulates and vapors, condensed by cooling and rain 
fallout, return their load of PCBs to the soil and surface waters. 
It was estimated in the Chicago conference that one-half of the 
PCB's will eventually use air transport. 
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Water Discharges : 

Direct discharges from manufacturing plants have occurred in 
significant amounts in the past. The PCB's occur dissolved in the 
water to a limited extent, adsorbed onto suspended solids, dispersed 
in droplets or dissolved in any oil or grease in the water effluent. 

As droplets are adsorbed onto suspended matter the PCBs tend to 
accumulate in the bottom segments. PCB's vary in specific gravity 
from 1.2 to 1.6. As such, they are heavier than water unless present 
as less than fifty percent in a low density organic solvent. 

When PCBs dissolve in water, the potential concentration of each 
component tends to reach an equilibrium depending on its specific 
solubility (see Table IV). The solubilities vary according to the 
amount of chlorination and to the specific location of the chlorine 
atoms on the biphenyl molecule. Solubilities vary from 5.9 ppm for 
2 mono-chlorobiphenyl to 0.007 ppm for 2, 2', 3, 3'. 4, 4', 5, 5' 
octachlorobiphenyl. The net result can be shown in figure 2 taken 
from the report of James Mieure . When Aroclor 1016 is shaken up with 
water and the undissolved PCB's removed, the amount dissolved in the 
water as measured after hexane extraction shows a distribution of peaks 
more nearly resembling Aroclor 1221 than 1016. A measurement of the 
undissolved residue would show a reduction in relative concentration 
of the mono-chlorinated biphenyl, resulting in a relative shift towards 
Identification as a more highly chlorinated biphenyl. 
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Bottom sediments frequently start as settleable or suspended 

6 
solids in water. Dr. Munson showed that a major portion of the 

PCBs from the headwaters of Chesapeake Bay was present adsorbed on the 

suspended matter in the water. 

In the survey of PCBs at the Hudson Falls Plant of General Electric, 
about 38 ppb of PCB was found in the inlet water taken from the Hudson 
River. A sample, with the suspended matter removed, showed less than 
one ppb of PCB. Normally, water in the river is less than 1 ppb of PCB ' s 

In the surface water run-off from land, contaminated by PCB spills 
or air fall-out, the amount of PCB measured in discharges from G.E. 
property ran higher in suspended matter as well as PCB's during and 
immediately after a rain. 

Thus past discharges of PCB's tend to cycle from air to water to 
soil with minimal amount undergoing destruction to non-toxic compounds. 
Most of the degradation is in the biphenyls with lower number of 
chlorine atoms. As a result, the build-up in the environment tends 
to be concentrated in the penta-, hexa- and hepta- chlorinated biphenyls. 
Most of the contamination in fish in the Hudson is reported as Aroclor 
1248, 1254 and 1260. These reports reflect the concentration in the 
aquatic food chain of the more persistent PCBs. Reports on excretion 
of PCB's by aquatic organisms show mainly lower chlorinated biphenyls. 
In New York State since 1973 most of the PCB's reported being used 
are Aroclor 1016 which contains less than 1% of the biphenyls con- 
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taining five or more chlorine atoms. 

Case Histories of Discharges from Sealed Units 

Case 1 : Central Hudson Electric and Gas has had three failures of 

power capacitors from a series of sixty-three from one manufacturer 

since January 15, 1976, The capacitors were 100 Ky^j^ with a voltage 

rating of 76,204. Two were part of a bank of eight capacitors. The 

thrid was in a different location. Cases had apparently ruptured 

because of a thermal runaway. PCB's were spotted running down the 

poles. 

Remaining capacitors on the poles were de-energized and the company 
is replacing the 60 capacitors with another type that do not contain 
PCB*s. The soil at the base had strong fumes of PCB's. Samples of 
soil gave the following analyses: 

No. Units failed at site Surface 2 ft. below surface 

1 1,900 ppm 1,400 ppm 

2 18,000 ppm 890 ppm 
Earth worms sampled at the first site showed 230 ppm-dry weight. 
The manufacturer has been asked to check to determine if failure 

was a fault in the new design or a problem in production of the series 
involved. A questionnaire (Appendix I) has been sent to all power 
companies in the state to check on the possibility of further occur- 
rences of a similar nature. 
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Case 2 : Car accidents are numerous in which the power pole is snapped 
and the transformer ruptured. While transformers on utility poles 
may not contain PCB's, most capacitors are of the PCB filled type. 
Case 3 : During a late winter sleet storm, many power poles were 
snapped off at the base. One repair shop that was inspected showed 
several ruptured transformers leaking PCB's. 

Case 4 : In rural areas, transformers, capacitors and insulators are 
used as targets by boys with rifles or by frustrated hunters. Any 
units filled with PCB's can lose much of their impregnant as a result. 
Case 5 : Capacitors removed from residences or buildings are disposed 
as trash. Inquisitive youngsters will sometimes open them up out of 
curiosity or to salvage material. The PCB is normally dumped down the 
nearest drain. A friend recently reported having two ruptured fluo- 
rescent ballasts leaking in his basement. 

Case 6 : Transportation of large transformers may result in damage in 
transit with loss of PCB's. A large unit may contain 1500 gallons. 
One such occurrence is known in Tennessee, another near Seattle. The 
latter was being loaded on a ship when a faulty sling dropped the trans 
former, rupturing the casing. 

While the argument for continued use of PCBs Is based on its low 
flammability as well as its reliability, use in unprotected locations 
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subject to damage with increased possibility of discharge of PCB 
indicates the need for further limitation of use in such cases. The 
six cases listed are examples showing the possibility of pollution 
from units now in use. 
Future Requirements for PCB Use and Disposal 

1. Continued search for a PCB substitute is essential. 

2. Uses of PCB filled power units in the open should be banned. 
Units in which flammability is not a major consideration should 
be changed to a non-PCB impregnant. Excessive danger of rupture 
and spillage of PCB is sufficient reason for further limitation 
on use. 

3. Large transformers in use where flammability requires PCB should 
be placed in a vault or dike where containment is possible and 
PCB can be destroyed. There should be no drains in area to 
permit discharge to sewers. 

4. Any disposal of PCB filled units, must be to a chemical type of 
landfill with an impervious liner. Water should be kept from the 
fill to reduce amount of leachate. Any leachate must be collected 
and subjected to high temperature incineration or equivalent to 
destroy PCBs . Dwell time of 3 seconds at 2000 F or 1% seconds at 
2200°F will destroy PCB's. 

5. Opening of cases by junk dealers to salvage metal content should 
be banned. 
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6. Any disposal of PCB's to heating oils, to recycled oil or for use 
as road oils should be prohibited. Oil recycling plants should 
be monitored for PGBs in the oil or in the air emission in re- 
processing. 

7. Paper recycling plants should be monitored and required to reject 
any source of wastepaper high in PCB's (i.e. - carbonless copy 
paper from old files). 

8. From manufacturing plants, all process water will be required to 
be given best practical treatment. Based on evidence in the case 
of New York State vs. G.E., removal of PCB*s to a limit of 1 ppb 
seems possible. After removal of suspended material and of oil, 
passage through a carbon column with about one hour contact time 
seems required. 

All solid waste (suspended solids with absorbed PCB or solid 
material used to absorb PCBs ) must be placed in a chemical type 
landfill with an impervious liner and means to prevent access of 
ground, surface or rain water. Leachate must be collected and 
subjected to high temperature incineration or a suitable equivalent, 
if developed. Regeneration of adsorbent such as carbon must be 
provided with afterburners for high temperature destruction of 
PCB's. Temperatures for PCB destruction will destroy activated 
carbon. 
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9. Materials contaminated by spills or rupture of units will require 
> the same care in handling as the manufacturing plant wastes. 

10. Any dredging of bottom sediments must provide for minimal release 
of PCB's to the water during operation or in the disposal of 
the solids. 



Acknowledgement : The assistance of Mr. S. Pagano in editing and 
Mrs. Susan Myers in preparation is gratefully acknowledged. 
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TABLE I 



PCB HISTORY IN THE U.S 



I A BILLION POUNDS 

PRODUCED 

SINCE 1929 






150 MILLION 
POUNDS 
EXPORTED 




500 MILLION POUNDS 

HAVE ENTERED 
THE ENVIRONMENT 



300 MILLION 
POUNDS IN 
LANDFILLS 



50 MILLION 
POUNDS DEGRADED 
OR INCINERATED 



750 MILLION 
POUNDS NOW 
IN SERVICE 




150 MILLION 
AIR. WATER 
BOTTCM SEDIMENTS 



Federal Register Vol. 41(64) 14134 (Thursday April 1, 1976) 



U-M M «»j •■* . '-aifc-.AA-_. 
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TABLE II 



Vaporization, Rates of Aroclors (? 24 hrs . at 100 C 



Aroclor 

1221 

1232 

1242 

1248 

1254 

1260 



Vaporization Rate gr/cm /hr 
0.00174 
0.000874 
0.000338 
0.000152 
0.000053 
0.000009 



From Chemistry of PCBs page 17 
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TABLE III 
Melting points of various poly chlorinated biphenyls (PCB) 



o 
Mono MP C 



3; 16-17 

4 77.7 



2.3 27.7-28.2 

2.4 24.1-24.4 

2.5 22-23 

2.6 35-36 

3.4 49-50 

3.5 31-36 
2,2* 60.5 
2,3' oil 
2,4' 32-46 
3,3' 19 
3.4' oil 
4,4' 148-149 
Tri 

2.3.4 101-102 
2 3 5 41 

2,3,6 * 

2.4.5 78-79 
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Table III continued 



Tri 
2,4,6 
2, 2', 3 
2,3,4' 
2,4,4' 
2, 2', 5 
2. 3', 5 
2,4^5 
2'.3',4 
3,4,4* 
2»,3,5 
3. 4', 5 
Tetra 
2,3,4,5 
2,3,5.6 
2,3,4,4' 
2, 4, 4', 5 
2, 2', 4, 6 
2, 4, 4', 6 
2, 2', 3, 3' 
2. 2'. 3, 4' 
2. 2', 3, 5' 
2, 2', 4.4' 



MP°C 



46-62.5 

28.1-28.8 

73-73.2 

57-58; 206-207 

43-44 

40-40.5 

63.5-67 

54-66 

86.8-87.8 

86.8-87.8 

58 

92-92.5 
79 
142 
125 

■#■ 

119.5-121.5 
68-70 
46.5-47 

41-83 
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Table III continued 

Tetra MP°C 

2, 3', 4, 5' 65-68.5 

2,3\4,4' 124-127.5 

2, 2', 5, 5' 86.5-89 

2,3',4;5 104 

2, 2', 6, 6' 198 

3, 3', 4, 4' 173 

3, 3'. 5, 5' 164 

Penta 

2,3,4,5.6 123 

2, 3. 4, 4', 5 98-99 

2, 2', 3, 4. 5* 111.5-113 

2, 3, 3', 4, 4' 101-105 

2. 2'. 3*. 4, 5 81-82 

2,2\4,5,5' 76.5-77.5 

2, 3', 4, 4', 5 82-107 

Hexa 

2,2\3,4,5,6 134-137 

2,3,3\4,5,6 97-100 

2, 3, 4, 5', 5, 6 160-165 

2,2\3,4,4\5 77-78 

2, 2', 3. 5, 5', 6 100-101 
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Table III continued 

Hexa MP C 

2, 2'. 3, 3', 4, A' 145.5-152 

2, 2', 3. 4, 4', 5' 78.5-80 

2. 2', 3. 3'. 5. 5' 128-129 

2, 2', 3. 3'. 6, 6' 114-114.5 

2. 2', 3, 4', 5', 6 oil 

2, 2', 4. 4'. 5. 5' 103-138 

2, 2', 4, 4'. 5, 6' oil 

2,3',4.4\5.5' * 

2, 2', 4, 4', 6. 6' 112.5 

3,3*.4,4\5,5' 201-202 

Hepta 

2,2*,3.4,5\6 147-150 

2. 3. 3'. 4, 4', 5, 6 116-118 

2, 2 ',3, 3 ',4, 4 '.5 134.5-135-5 

2. 2', 3, 3', 4, 5, 6' 130.5-130.7 

2, 2'. 3,4, 4*. 5, 5' 109-110 

2. 2', 3, 4, 4'. 5. 6' 152-153 

2, 3, 3', 4, 4'. 5, 5' 162-178 

Octa 

2, 2'. 3, 3', 4, 4', 5, 5' 152-160 

2, 2', 3. 3'. 4, 4'. 6. 6' 132 

2, 2', 3, 3', 5, 5'. 6, 6' 161 

From the Chemistry of PCB's 
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TABLE IV 
Solubility of Ctilorobiphenyls in Water 

Compound Solubility mg/1 (ppm) 

Monochlorobiphenyls 

1^ 

3- 

h- 

Dichlorobiphenyls 

2,4- 

2,2'- 

2.4'- 

4,4'- 

Trichlorobiphenyls 

2.4,4'- 

2'. 3,4- 

Tetractilorobiphenyls 

2,2',5.5'- 

2,2',3,3'- 

2,2',3,5'- 

2.2'.4,4'- 

2,3".4,4'- 

2, 3', 4,4'- 



5 


.9 


3 


.5 


1 


.19 


1 


.40 


1 


.50 


1 


.88 





08 





085 





078 





046 





034 





170 





068 





058 


0. 


175 
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Table IV continued 



Compound 

Pentachlorobiphenyls 

2, 2', 3,4, 5'- 

2,2',4,4',5,5'- 

Hexachlorobiphenyl 

2,2',4,4',5,5'- 

Oc tachlorobipheny 1 

2,2',3.3',4,4',5,5'- 

Octachlorobiphenyl 

2,2'.3,3',4,4',5,5'- 

Decachlorobiphenyl 

4,4' -Dichlorobiphenyl 

+ Tween 80 0.1% 

+ Tween 80 1% 

+ Humic acid extract 



Solubility mg/1 (ppm) 

0.022 
0.031 

0.0088 

0.0088 

0.0070 
0.015 

5.9 

:»io.o 

0.07 
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APPENDIX I 

May 7. 1976 

It has been brought to my attention that in two recent and 
separate incidents, PCB containing capacitors on power poles ruptured 
without interruption of electrical transmission. Several gallons of 
PCBs migrated down the poles and soaked into the ground. In one instance 
one capacitor had ruptured and in the other, two ruptured in the same 
location. All three units were of the same design, by the same manu- 
facturer and in the same design, by the same manufacturer and in the 
same series. This represented three failures out of sixty three units 
installed by one company since January 15, 1976. The utility is in the 
process of replacing the remaining units while the manufacturer Is 
being contacted to determine the cause of the capacitor failures. 

It is requested that the PCB containing transformers and power 
capacitors in your system be inspected for leakage and that replace- 
ment or repair be undertaken as appropriate. Further, it Is requested 
that a report of the finding of your investigation be submitted to me 
by July 1, 1976. Should leakage be noted, identify the manufacturer, 
model and series designation so affected. Also indicate amounts of PCBs 
lost, location and efforts to remove and dispose of spilled and con- 
taminated material. 

Your cooperation in this matter of serious environmental concern 
is appreciated and expected. 

Very truly yours , 

Eugene F. Seebald, P.E. 

Director 

Division of Pure Waters 
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Summary and Conclusions : 

PCB containment must be applied not only to manufacturing processes 
but also to surveillance of past landfills (now containing an estimated 
300,000,000 pounds) and also to the seven hundred and fifty million 
pounds of PCB in sealed units now in use. Disposal of discarded units 
must be regulated. New chemical type landfills must be provided to 
contain leachate for complete destruction. Use must be limited to 
prevent rupture and discharge from units in locations susceptible to 
such happenings. Adequate substitutes must be developed. Limit of 
treatment at present is about one part per billion in water discharges. 
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RELATIONSHIPS BETWEEN THE INDUSTRIAL WASTE MANAGEMENT, 
THE ENVIRONMENTAL CONTAMINANTS CONTROL ACT AND 
HAZARDOUS MATERIALS MANAGEMENT 



The existence of the Environmental Contaminants Control Act is 
well known, however, confusion exists over the relationship be- 
tween the Act and industrial waste management. This confusion 
is due to a lack of understanding, of the comprehensive nature 
of the Act and more importantly of those areas to which the Act 
does not apply. Relationships between waste management and the 
Act are discussed. Management of Hazardous Materials includes 
the management of hazardous waste. A total management system 
for hazardous wastes must address such aspects as identification, 
classification, transportation, storage, recovery, reuse, treat- 
ment and ultimate disposal . Many federal and provincial acts 
have a bearing on hazardous waste management and even interna- 
tional agreements can influence waste management practices. Two 
of the international agreements with such an influence are the 
Ocean Dumping Convention and the Hazardous Polluting Substances 
Annex being developed under the Great Lakes Water Quality Agree- 
ment . 




by 



JOHN R. MONTEITH 

Chief, Hazardous Materials, 
Management Division, Environmental 
Contaminants Control Branch 
Environment Canada 
Ottawa, Ontario 



Mr, Monteith, received his B . Sc. in 
Applied Sciences in 1951 from the 
University of Glasgow, Scotland. He 
has had twenty years industrial exper- 
ience in Canada in the fields of plant 
management , research development and 
quality control with chlor-alkali, 
agricultural chemicals and airline 
industries. In 1972 he joined Environ- 
ment Canada where his work has included 
legislation and regulation development 
involving hazardous waste disposal. 
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Relationships Between the Industrial Waste Management, 
The Environmental Contaminants Act, and 
Hazardous Materials Management 
by 
J. R. Monteith 
Chief, Hazardous Materials Management Division 
Environmental Protection Service 



Introduction 

Most of you are aware that the Environmental Contaminants Act 
was passed by parliament December 1975 and came into force April 1, 
1976. This Act is concerned with environmental chemicals. That is, 
those chemicals which are in the environment or which have a high pro- 
bability of entering the environment and which may cause adverse delayed 
action effects at trace concentrations. Our concern is to apprehend 
threats to human health or to various sectors of the environment. 

All of us in in this country and indeed in the world have a 
stake in the solutions to this problem. Society desires, needs and uses 
exotic chemicals in many ways. Industry has developed and is developing 
new chemicals, in some cases, tailor made for specific applications. In 
other cases, new uses have been found for existing chemicals. Industry 
has been concerned with the specific properties of those chemicals which 
allow them to become a benefit in their industrial and domestic appli- 
cations. Within the last five, ten or twenty years, society has placed 
a greater responsibility on industry to determine in addition, the non- 
beneficial properties and the side effects of these chemicals. Aside 
from legislation and regulation of the use of chemicals, two forces have 
come into play which have imposed upon industry an awareness of respon- 
sibility to know what they are doing and to be careful. Additionally, 
in recent times, there is the threat of a retroactive civil damage suit. 
For example, the Minimata Disease in Japan, mercury in Lake St. Clair 
and Lake Erie. 

Environmental Contaminants Act 

The Act contains two main features. The first can be des- 
cribed as investigation . The aim is for a total systematic assessment 
of a chemical or a group of chemicals regardless of use, media or 
industrial sector. Industry will be required to report production and 
other data and to carry out tests. The government will first of all 
establish some priorities in approach and an identification of problem 
chemicals. Subsequently, risk decisions would be taken regarding two 
factors: 1) the likely entry of a chemical into the environment, and 2) 
whether it constitutes a significant danger to human health and the 
environment. 
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The second main feature of the Act deals with control. The 
Controls are meant to complement existing federal or provincial leg- 
islation by defining a residual federal power. The powers are comp- 
rehensive, enabling the government to limit or prohibit the release, 
import, manufacture or incorporation of a chemical in a manufactured 
product. The Act requires consultation with those federal and pro- 
vincial regulatory authorities that may have the power to implement some 
of the desired controls. 

Investigation 

One aspect of the investigation feature of the Act will be an 
early warning system, to identify in advance the possibility of a 
future problem. The difficulty of an early warning system is to ensure 
that it is reasonably complete and that it works; when one considers the 
three categories of problems. These categories are: 

1) New Chemicals - and the problem they pose because we have no 
experience with their properties. 

2) Existing Chemicals - used for new purposes which may lead to 
major new releases to the environment in amounts which the 
environment cannot accommodate. 

3) Existing Chemicals about which we suddenly obtain new know- 
ledge about long-term adverse effects such as carcinogenesis. 

Each of these categories demands a specific requirement of an 
early warning system. The first category requires, at the minimum, some 
kind of pre-market screen and at the maximum, a comprehensive, though 
realistic testing program for the complete range of acute to chronic 
toxicities. It can be argued that chronic effects are more important 
because they are insiduous. 

The second category requiring an early warning system is the 
sudden identification of a new problem with existing chemicals. An 
example of this would be the intolerable levels of mercury being found 
in wild fowl in Alberta, or dead fish in some pristine river. 

The third category concerns new knowledge about existing 
chemicals. There are a host of sources of information. There is test- 
ing requirements by industry; epidemiology of special groups of the 
population such as children or chemical workers. 

It will be a difficult organizational problem to put together 
all of these indicators in an inexpensive, yet effective manner. How- 
ever, the trouble is some substances do have common characteristics: 

they may become widely dispersed in the environment, 

they may be highly persistent and accumulate indefinately in 
the environment, 

they may accumulate in biological tissues and pass through 
food chains. 
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they may cause biological changes at trace concentrations, 

they may be irretrievable once dispersed in the environment, 
and 

they may enter the environment in many ways from a large 
number of sources. 



Control 



When the Minister of the Environment and the Minister of 
National Health and Welfare are satisfied that a substance or class of 
substances will enter the environment and constitute a significant 
danger in Canada or any geographical area of Canada to human health or 
to the environment, they shall consult with the government of any pro- 
vince and the departments or agencies of the Government of Canada, to 
determine whether the significant danger perceived by them will be 
eliminated by any action taken or proposed to be taken by the agencies 
under any other law. 

After consultation, (or after a consultation offer has not 
been accepted, the Minister of the Environment and the Minister of 
National Health and Welfare, if they are still satisfied that the sig- 
nificant danger exists) the substance shall be added to the schedule of 
the act and controls imposed under regulations which may be made by the 
Govenor-in-Council . These regulations may control: 

1) the maximum quantity or concentration of the scheduled sub- 
stance that may be released into the environment in the course 
of any commercial manufacturing or processing activity; 

2) the conditions under which the substance may not be released 
into the environment in the course of any commercial manu- 
facturing or processing activity. 

3) The uses of the substances for which they may not be imported, 
manufactured, processed, offered for sale or used. 

4) The maximum quantity or concentration of any scheduled sub- 
stance that may be contained in any product. 

The relationship then to industrial waste disposal would be 
directly with the controls which are to be put on the release to the 
environment. An example of this type of control might be in the disposal 
of PCBs or materials containing PCBs, if this substance was scheduled, 
and restrictions were put on either the use or disposal of the material. 
On the other hand, there is a further example, where disposal would not 
be affected. Let us assume that mercury were placed on the schedule and 
in this case the sale of Hg thermometers was prohibited. This would 
mean that any existing regulations on the disposal of mercury in the 
thermometers would continue and the environmental hazard from the 
contaminant would be reduced simply by the restriction on the sale, 
importation or manufacture. 
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Management of Wastes 

It should be noted that the Act is designed to operate as a 
back-up to other laws, federal and provincial. The control provision is 
intended to apply only where other authorities fail or neglect to im- 
plement appropriate controls. The control of Industrial waste disposal 
therefore by the Contaminants Act would be limited strictly to those 
items which are scheduled and for which provision is made under the 
regulations. 

The Government intends to emphasize the preventative aspect of 
the Act. For this to be effective, there is a need to know and to be 
able to predict what is likely to take place in the future. This means 
then that the early warning system built into the administration of the 
act will be the area of greatest emphasis and hopefully will provide 
controls before the problem exists at the disposal stage. This, of 
course, is the reason why the Act contains wide powers in the collection 
of information and requirement for testing. 

There are at least forty-seven federal and provincial acts 
which have some interface on industrial waste disposal. Sometimes, 
unfortunately, there is in existence an overlapping of jurisdictions 
with incompatable or conflicting requirements within the Acts, reg- 
ulations or directions. This is particularly a problem in Canada with 
three levels of government and a variety of other agencies, such as 
planning authorities and conservation authorities. Even within any one 
level of government, many departments and agencies have overlapping 
interests in the disposal (or reutilization) of waste. Some of the 
federal legislation which interfaces directly with industrial waste 
disposal are the Fisheries Act, the Clean Air Act, the Hazardous Pro- 
ducts Act, Pest Control Products Act, the Customs Act, and the Explo- 
sives Act. Those are simply examples and are not meant to be a defin- 
itive list of the federal legislation which could and perhaps should be 
used before any specific regulations are made under the Environmental 
Contaminants Act. Similarly, there are a variety of provincial acts. 
An additional factor is that of international agreements which are 
developed between nations but which put restrictions or constraints on 
waste disposal. Two examples of the latter are the international con- 
vention on Ocean Dumping which is being implemented now in Canada under 
the Ocean Dumping Control Act and the annex which is presently under 
development for the Great Lakes water quality agreement. 

Great Lakes Agreement - Hazardous Polluting Substances Annex 

The purpose of the Great Lakes annex is to facilitate the 
development of related programs such as prompt joint spill reporting and 
response action, compatable regulations and programs for the prevention 
and control of discharges of the substances listed in the annex from 
vessels, from shipping activities, from dredged material disposal and 
from onshore/offshore facilities. The annex will have three appendices. 
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Appendix I will be the Hazardous Polluting Substances, 

Appendix II will be a list of substances which have potential 
as hazardous polluting substances, and 

Appendix III, which is still in the early development stages 
will designate harmful quantities of the hazardous polluting 
substances. 

For Appendix I, selection of all hazardous substances will be 
based upon documented toxicological and discharge potential data which 
have been evaluated by the parties and deemed to be mutually acceptable. 
Revisions to Appendix I will be as a result of joint action by the 
parties. 

Hazardous Polluting Substances Selection Crtieria - Appendix I 

The criteria for determining relative hazards posed by chem- 
icals to the environment fall within three general areas. These are: 
1) toxicological; 2) information related to the probability of dis- 
charge; and 3) data on the physical and chemical properties of the 
material which effect Its dispersal and persistence in a given body of 
water. From a toxicological standpoint, an element, compound or mixture, 
thereafter is considered hazardous, if it poses a threat to one or more 
of the following areas or aspects of the environment. 

1) Toxic effects on aquatic, plant or animal life where the 
exposure is from immersion. 

2) Toxic effects on animal life where the exposure is from 
dermal contact. Inhalation or oral ingestion. 

Additional factors which are considered, relate to assessing 
If there is reasonable chance of the material being discharged. These 
factors are quantified by knowing the spill history, production quan- 
tities, use and distribution patterns, or the extent of other regulation 
because of special threats to safety, health or welfare. 

Appendix II is a list of those substances which have a poten- 
tial as hazardous polluting substances, but which due to insufficient 
data, or for any one of a variety of reasons are not presently listed in 
Appendix I. These substances are given priority attention for examin- 
ation and possible future inclusion in Appendix I. 

Substances are added to Appendix II because they have docu- 
mented information concerning some of the criteria for schedule I and 
that some data for other criteria is not available. 

Appendix Three, when it is completed, will contain a list of 
harmful quantities for the substances listed as hazardous polluting 
substances. At this time, the quantities have not been specified, 
however, the parties to the agreement will recognize that any quantity 
of a substance listed in the Appendix I may be harmful. 
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An of these lists are being worked out with our neighbours to 
the south, the United States and as such the two parties agree to imple- 
ment programs in keeping with the requirements of the agreement using 
appropriate federal, state or provincial legislation. 

There is a coimon bond between this list and the Environmental 
Contaminants Act in that the substances considered are health or environ- 
mental hazards. The Appendix I substances, that is the hazardous pollut- 
ing substances, will be a list of approximately three hundred materials. 
These are materials which have sufficient health or environmental hazards 
along with a potential for discharge, to be mutually agreeable by Canada 
and the United States as hazardous polluting substances. Some examples 
of the substances which will likely appear on the list are: 

acrolein, analine, beryllium salts, cadmium salts, chromic 
salts, pesticides including 2,4-D acid, 2,4-D esters, dalapon, 
diazanon, dicamba, diquat, lead salts, mercuric salts, phos- 
phorous compounds, polychlorinated biphenyls, tetraethyl lead, 
zinc and zirconium salts. 

An industrial waste which contains any of the materials 
listed in Appendix I and which is disposed of in such a way that the 
material will enter the Great Lakes waters will be affected by this 
international agreement. 

Ocean Dumping 

A further example of an international agreement which can 
result in influences in industrial waste disposal is the London Con- 
vention or more correctly, the Convention on The Prevention of Marine 
Pollution by Dumping Wastes and other Matter. This convention was 
signed by Canada December 1972 and ratified by Canada in November 1975. 
As a direct result of the signing of the convention, there was a require- 
ment for legislation in Canada to enable this country to live up to the 
terms of the international agreement. As a result, the Ocean Dumping 
Control Act was given Royal Assent June 19, 1975 and came into effect 
December 13, 1975. This Ocean Dumping Control Act requires that no 
dumping shall take place except in accordance with the terms and con- 
ditions of a permit to be issued by Environment Canada. Any such 
restriction by permit of course must obviously place some pressure on 
other industrial waste or waste disposal procedures. As part of the 
Act, there are three schedules. 

Schedule one is a list of prohibited substances including 
organohalogan compounds, mercury and mercury compounds, 
cadmium and cadmium compounds. These substances are not 
normally permitted in Ocean Dumping, however, there are a few 
very exceptional circumstances under which the dumping may 
take place. 

Schedule two is a listing of restricted substances. These 
include arsenic and its compounds, lead and its compounds, 
zinc and its compounds, organosilocon compounds, pesticides 
and their by-products not otherwise included in Schedule one, 
beryllium, chromium and nickel. These are substances which 
require extreme care in disposal in the ocean and are associated 
with stringent conditions attached to the permit. 
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Schedule Three 1s the factors which must be taken into account 
by the Minister in granting permits for Ocean Dumping. These 
factors include the characteristics and composition of the 
substances. The characteristics of the dumping site» and the 
method of deposit, and in addition there are requirements to 
consider, effects on amenities, effects on marine life, effects 
of other uses of the sea, (e.g. impairment of water quality 
for industrial use) and in addition, but not least, the 
practical availability of alternative land-based methods of 
disposal or elimination. 

You will note the common bond that exists and that is the 
consideration of the types of material in the Ocean Dumping, the Great 
Lakes Agreement, and the Contaminants Act. All of these will, there- 
fore, to some extent, influence industrial waste practices in the 
future. 

Hazardous Waste Management 

One division within Environment Canada which has been involved 
in all of these is the Hazardous Materials Management Division. In 
addition, we are most actively involved in Hazardous Waste Management. 
Hazardous waste management means total management from the point of 
origin within the plant or within the facility to the ulitmate disposal 
and includes all the steps such as identification, classification, 
transportation, storage, recovery, re-use, treatment, and finally the 
ultimate disposal. As has been stated earlier, many federal and pro- 
vincial Acts have a bearing on Hazardous Waste Management. One of the 
difficulties of Hazardous Waste Management is the definition of Hazard- 
ous Waste. There is no adequate definition except to say that the 
hazards in a waste disposal system are generally unique to the waste and 
to the method of disposal as well as the quantities being disposed. The 
most acceptable definition to date is the one used in the state of 
Minnesota which reads as follows: "Hazardous Waste means any refuse or 
discarded material or combination of refuse or discarded materials in 
solid, semi-solid, liquid or gaseous forms which cannot be handled by 
routine waste management techniques because they pose a substantial, 
present, or potential hazard to human health or other living organisms 
because of their chemical, biological or physical properties." Since 
there is a proliferation of acts and regulations or potential regulations 
which may effect hazardous waste management it would seem obvious that 
there is a need for the various government bodies, the waste generating 
industry, and the private disposal enterprises to meet to discuss some 
of the problems involved. 

Having said this, the following are a few comments which may 
be pertinent to such a discussion. 
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They are some of the discussion points which have arisen from 
the NATO CCMS Conference on Hazardous Waste Disposal. I think it can be 
agreed that most if not all apply equally to Canada, particularly in 
view of the great profusion of legislation and the international pres- 
sures as well as the moral pressures which are now being inserted on our 
society. The comnients are: 

1) Waste reduction and utilization have priority over waste 
disposal. Disposal should be chosen only if the first two 
possibilities do not exist or they are unreasonable. This 
requirement should be taken into consideration in all gover- 
nment measures. 

2) An essential task is the planning of the disposal system. The 
government authorities cannot escape this responsibilty. It 
should be carried out in close cooperation and in coordination 
with the authorities responsible for the disposal of hazardous 
wastes, the disposal enterprises and the interested groups 
from industry. 

3) The planning of sites for facilities for the disposal of 
hazardous wastes can only be undertaken on a regional basis. 
The preparation of individual plans should take account of 
overall planning requirements. 

4) The organization of the disposal of hazardous wastes will be 
improved by central disposal facilities with a large capacity. 

5) The disposal of hazardous wastes in wide areas will be facil- 
itated by the establishment of collection centres. 

6) Some of the collection centres should be equipped with facilities 
for pre-treatment. Transport costs, important in Canada, can 

be reduced by a reduction in volume or weight at the collec- 
tion centres. 

7) The disposal of hazardous wastes requires controls by govern- 
ment authorities. Controls should extend to the licensing and 
verification of facilities and to the final disposal of the 
waste. 

8) Among the possible measures for the control of the final 
disposal of waste, controls at the source should be given 
priority. 

9) The control of transport processes is of special importance. 

10) When licenses for waste disposal facilities are granted, the 
restoration of the utilized terrain should be ensured by the 
appropriate measures. 
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n) The disposal of hazardous wastes and the operation of disposal 
facilities is not in principle the responsibility of the 
government. The waste generating industry as well as private 
enterprise have to take over important tasks in this field. 
Even if waste disposal is organized on a private basis, it may 
be necessary for government or government controlled facilities 
to be available. 

12) The classification of Hazardous Wastes is of decisive im- 
portance for the organization of their disposal as a basis for 
planning and control. 

11) Waste exchanges are an effective organizational means to 

increase utilization of industrial residues. The establish- 
ment, maintenance, and effectiveness should be encouraged by 
appropriate measures. 

The financing of facilities for the disposal of special waste 
constitutes a problem, irrespective of the ownership of these 
facilities. This problem can be solved by the provision of 
financing concepts, the financing from a general budgetary 
fund only appears justified in yery exceptional cases. 

From the point of view of liability and safety, the size of 
the capital of disposal enterprises is of special importance. 
These aspects can also be taken into account by imposing the 
obligation to take out insurance, or by other appropriate 
measures. 

The possiblities to grant low interest loans should be exhausted, 

The prices charged for the disposal of hazardous wastes should 
be based on the disposal costs. The possibilities to achieve 
equal price levels should be utilized in order to compensate 
for site disadvantages. 

M) The problems of financing the long-term control of land-fill 
sites for hazardous wastes are still largely unsolved and 
should be clarified. 

It is our intention to institute such a meeting to begin to 
plan for orderly management of Hazardous Waste Management in Canada. 
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